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exotic. UK research outlines a multitude of promising strategies to overcome ‘western’ 
resistance to eating insects. This book also includes a chapter on the potential of insect 
farming to increase global food security. It shows that Africa is a hotspot of edible 
insect biodiversity and there more than 500 species consumed daily. We have several 
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in developing countries and provide profit and wealth to rural farmers. The chapters of 
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Preface
Edible insect farming is one of the most promising solutions for food production
and food security in the future world when we may have nine billion or more people
to feed [1]. Therefore, the growth potential of insect consumption is currently
attracting a lot of interest at a global scale, thereby justifying this new book. The
recent Future Foods book [1] included five chapters on edible insects.
Edible insects are a reliable source of fats, many minerals, and micronutrients. 
For more than a decade we have known that insects have a wide variety of fat- and 
water-soluble vitamins, making them a valuable food source for people with
specific health needs. Insects as a food group have been found to be healthier that
some meat alternatives [2].
High intakes of red meat and poultry are associated with increasing economic
development but have costly environmental impacts in terms of greenhouse gasses, 
ammonia emissions, water use, and land area needed [3]. A case study in Hungary
found that the production of edible insects might attract consumers seeking new
food options and who intend to reduce meat intake [4].
Feed conversion efficiency in insect farming is four times better than that of
normal livestock farming. Insect farming is socially inclusive as they are easy to
farm and require no high-tech skills or large investments. Insect farming could help
reduce the use of antibiotics in feed for chicken, fish, and pigs. Insect meal can
replace 25−100% of soymeal or fish meal in the feed of our domesticated animals
or fish. The aroma, taste, and carcass quality is not affected when using the insect
meal, and overall levels of essential amino acids are very good as is the protein
digestibility [5].
Some 3,000 indigenous population groups in over 110 countries in Asia, Australia, 
and Central and South America are consuming, almost daily, up to 2,000 distinct
species of insects [6]. However, insect eating is declining in many traditional 
markets and is often seen as taboo in western cultures. Its recent introduction has
been met by a range of barriers. Nutritional arguments are not thought to be enough
to overcome the ‘disgust factor’ and convert westerners to insect-based dishes [7]. 
This book reviews several of these barriers and seeks new concepts in promoting 
the wider acceptance of insect eating.
Two years ago, the legislation, or rather the lack of it, was the largest barrier to
developing insect production and marketing in Europe but now the legislation is
no more a problem. However, some insect food producers in Finland concluded 
in 2019 that the marketing of insects was better when they were sold illegally as
human food. But surely, the new legislation provides necessary advice and stan-
dards in appropriate production methods and for marketing of the hygienic insect
products?
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As an introductory chapter for this “Edible Insects” book, I have collected a number 
of newspaper articles from Finland (Finnish names of the articles translated in English) 
on the insect food business development between 2016 and 2019. These papers show at 
first enormous boom of the insect food production and sales for human consumption 
after that business was finally legalized in September 2017. However, already in late 
2018, many insect farmers and market people expressed their concerns that the busi-
ness development has not been as lucrative as anticipated. Year 2019 brought more not 
so positive evaluations of insect food markets in Finland but concluding that the insect 
food boom will come one day, latest with the next generation of people.
2. First illegal food due to European Union regulations
Insect food marketing was at first illegal in Finland although some production 
existed. Enthusiastic farmers and researchers started, however, in 2016 to organize 
insect food tasting events in some restaurants and schools around the country. One 
restaurant in Helsinki (Restaurant Rupla, Helsinginkatu 16) had a three course 
insect menu one evening every two month (21.07, 21.09 etc.). None of the partici-
pants refused to eat the insect food [1]. Actually many people had to queue to get to 
taste the insect food.
In February 2017, newspapers wrote that many start-up companies in Otaniemi 
university campus believe that insect food business could bring millions income to 
the participants [2]. A bit later it was written that people in North Karelia are well 
prepared to start insect food production and that 70% of the Finnish population is 
ready to taste insect food products [3].
Finally in September 2017, Finland adapted the EU regulations so that it was 
acceptable to start selling insect food as human food products. This sales permit 
allows selling insect products made out of the following insects:
Black soldier fly larvae Hermetia illucens
Cricket Acheta domesticus
Desert locust Schistocerca gregaria
Drone bee larvae Apis mellifera
Lesser mealworm (= chicken hog larva) Alphitobius diaperinus
Migratory locust Locusta migratoria
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Several farmers modified their farms by giving up the pig farming and starting 
to grow insects, instead. Some tens of restaurants started to offer insect food on their 
menu. Many new insect products were introduced to the market when the sale of insect 
food became legal. Some producers stated that “We will start slowly, learning the mar-
kets and markets getting to know us.” When asked about the taste, people stated: “Taste 
is mild, something between chicken and shrimps. Best crickets are when well fried” [4].
Leader Foods Oy, for instance, started to sell cricket protein bars. One Zircca 
bar contains 15 crickets and 34% protein and it is gluten free product. The company 
says that cricket bars meet all nutrition requirements equally well as any meat or 
fish products. And the iron content of crickets is higher than that in spinach [5].
On June 11, 2018, Oy Halva Ab brought to the markets cricket liquorice bars first 
time in Finland and in the world [6].
One of the most amazing problems in cricket farms in Finland have been 
extremely warm and dry summer weathers we have had recent years. Even the 
tropical species stopped eating due to the heath or rather due to the dry air. In the 
tropics, weather is always humid even in high temperatures. So the farmers were 
forced to invest in expensive air humidifiers [7]. Second major problem many com-
mercial insect farmers faced when starting large scale production was the lack of 
commercial feed for the insects [8]. In 2018, the Natural Resources Institute Finland 
and Eastern Finland University started a project to produce plant-based pelleted 
feed for the insect farmers. This ‘Hyvä Rehu’ (=Good Feed) project lasts 2 years, 
and is funded by the Ministry of Agriculture of Finland.
At the end of 2018, newspapers started to write negative news from the farmers 
who had invested money to make millions with the insect food [9]. In Loviisa town, 
there was a huge insect farm that aimed to be the largest in Europe but had to be 
closed down in 2019 as not profitable enough [7]. After the boom started in 2017, 
the sales have gone down and supermarkets have started to diminish the selection of 
insect food products. Some insect food producers say that marketing of insects was 
better when they were sold illegally as human food. The products were often labeled 
and sold as kitchen and food decoration items [10].
Large part of the population still finds the insect food too exotic, but the pro-
ducers and sale people hope that the next generation would be a real insect-eating 
generation.
Similarly large supermarket chains, S-group & K-markets, will keep the insect 
food available hoping that the sales will eventually pick up. When that will happen 
is still unknown [10].
One of the largest insect food companies in Finland is Finsect which also exports 
the insect products under the name “Griidy”. They have 26 contract farmers mainly 
in Western Finland. They are producing cricket bread, cricket chocolate, cricket 
liquorice, roasted and seasoned crickets and cricket meal 150–450 E/kg for the 
consumers depending on the package size [11]. This high consumer price may partly 
explain the insect food marketing problems in Finland.
Additional papers collected but not cited
Kurki E. Pests in flour bags soon legal food table items. Karjalainen. 2016
Rouvinen M. Many Finns would like to buy insect food already now. Karjalainen. 
2017
1Tropical domestic cricket Gryllodes sigillatus
Yellow mealworm Tenebrio molitor
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Entomophagy, the consumption of insects as a food source, occurs at a global 
scale with over 2 billion people seeing it as traditional. This practice does not 
extend into mainstream Western culture where its introduction is often met 
by a range of barriers, leaving entomophagy often seen as a taboo. The ‘disgust 
response’ of food neophobia and a lack of social and cultural contexts that reduce 
adoption may be overcome by strategic application of tools arising from innovation 
diffusion theory: relative advantage; compatibility; low complexity; trialability 
and observability. This chapter accessibly reviews known barriers to uptake and 
outlines the potential application of these concepts in promoting the wider accep-
tance of entomophagy.
Keywords: neophobia, taboo, acceptance, innovation, experience
1. Introduction
The growth potential of entomophagy is currently attracting much interest 
[1, 2]. Currently, this practice is declining in many traditional markets and does 
not extend into mainstream western culture where its introduction is often met 
by a range of barriers, leaving insect consumption often seen as a taboo [3–5]. 
Insect protein has great potential to be used as reliable alternative or supplement 
to vertebrate ‘meat’ consumption and offers relative advantages over traditional 
animal protein sources if entry barriers can be overcome. One advantage is the 
lower environmental impact of mass rearing insects in terms of greenhouse gasses 
and ammonia [6]. Furthermore, insects are highly nutritious and have been found 
to be healthier than some meat alternatives [7].
This chapter accessibly reviews known barriers to uptake and uses Rogers 
Diffusion of innovation theory (Figure 1) to outline possible strategies to overcome 
these [8].
2. Disgust and food neophobia
Insects can trigger a disgust response for a number of reasons. Disgust is dif-
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by a range of barriers, leaving entomophagy often seen as a taboo. The ‘disgust 
response’ of food neophobia and a lack of social and cultural contexts that reduce 
adoption may be overcome by strategic application of tools arising from innovation 
diffusion theory: relative advantage; compatibility; low complexity; trialability 
and observability. This chapter accessibly reviews known barriers to uptake and 
outlines the potential application of these concepts in promoting the wider accep-
tance of entomophagy.
Keywords: neophobia, taboo, acceptance, innovation, experience
1. Introduction
The growth potential of entomophagy is currently attracting much interest 
[1, 2]. Currently, this practice is declining in many traditional markets and does 
not extend into mainstream western culture where its introduction is often met 
by a range of barriers, leaving insect consumption often seen as a taboo [3–5]. 
Insect protein has great potential to be used as reliable alternative or supplement 
to vertebrate ‘meat’ consumption and offers relative advantages over traditional 
animal protein sources if entry barriers can be overcome. One advantage is the 
lower environmental impact of mass rearing insects in terms of greenhouse gasses 
and ammonia [6]. Furthermore, insects are highly nutritious and have been found 
to be healthier than some meat alternatives [7].
This chapter accessibly reviews known barriers to uptake and uses Rogers 
Diffusion of innovation theory (Figure 1) to outline possible strategies to overcome 
these [8].
2. Disgust and food neophobia
Insects can trigger a disgust response for a number of reasons. Disgust is dif-
ferent to an innate distaste reaction, which is a response to the bitterness of many 
Edible Insects
6
biologically toxic compounds [9]. Rather than being a reflex action, a disgust 
reaction comes from a cognitive process when assessing foods and explains why dif-
ferences are seen in cultural perception of entomophagy [10]. Disgust can arise with 
perceived or real associations of insects to objects of core disgust, which include 
pathogens and pathogen-related stimuli such as faecal matter and vomit [11]. Scaled 
disgust ratings can predict participants’ willingness to attend an event with insect-
based cuisine; this demonstrated clearly that disgust is a barrier to introduction of 
entomophagy into western diets [12].
Separate from the disgust response is the effect of food neophobia which also 
contributes to an unwillingness to try entomophagy. Food neophobia is simply the 
tendency to avoid the consumption of novel foods and the degree of novelty cor-
relates strongly with willingness to try unfamiliar foods [13, 14].
2.1 Disgust and the ‘law of contamination’
The law of contamination states that a disgust reaction will be elicited not 
only by objects of core disgust but through any objects that have been contacted. 
Rozin’s elegant demonstration of this with fruit juice and sterile cockroaches 
indicates that this barrier to entomophagy is often based on irrational thought. 
Participants knew their reaction was irrational due to the cockroach having been 
sterilised [15, 16]. If the reaction does occur even with the knowledge that the 
organism is safe, then providing information on safety is likely to have little effect 
on uptake.
Overcoming this barrier to introduction may involve new brands initially sell-
ing insect-related products to focus primarily on gaining consumer trust or using 
established and ‘trusted’ brands to reduce the perceived risk of novel products 
[17]. Discovering and adopting shared values with consumers may permit ento-
mophagy to become more compatible with western consumption while reducing 
negative attitudes [18]. Although, for this strategy to find success, individual 
Figure 1. 
Perceived characteristics of an innovation considered to determine the level of penetration into a target 
audience: relative advantage—the level to which the innovation is perceived to be better than existing 
alternatives; compatibility—the degree to which the innovation is perceived to be in keeping with values 
and experiences of the target population; complexity—the level to which an innovation is perceived as 
difficult to utilise and understand; trialability—the level that a new innovation can be experimented 
with; observability—the level to which the outcomes of an innovation is viewable by the target 
population [8].
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brands must avoid perceived or real negative impacts on any group of consumers 
as these would likely impact the entomophagy industry as a whole by reducing 
trust [19]. For such trust to grow, a foundation of legislation is developing to pro-
vide advice and standards in appropriate methodology for hygienic insect handling 
and storage [20, 21].
2.2 Disgust response to ‘identifiable insects’
Disgust also arises when consumers are reminded that they are eating an animal 
or are made aware of the animals’ origins [11, 12]. When whole insects are found 
within a food product, this is considered an extended example of the law of con-
tamination, as it occurs due to an association with dead animals and decay [11]. 
Many studies have pointed to invisibility of insects (such as in cookies) leading to 
increased willingness compared to their unprocessed counterparts (such as meal-
worms and crickets) [7, 10, 22]. These support the idea that, for easier implementa-
tion, innovators should focus on products without visible insects and thus simplify 
the product’s trajectory to western acceptability.
2.3 Food neophobia
Insect protein products are seen as novel, which influences consumer percep-
tion and thus their expected experience on trying it [23]. Increased familiarity 
reduces any anticipated negative assumptions of taste and experience before 
trying them [24] and incorporating novel food into familiar dishes will acceler-
ate consumer acceptance. This plays into Rogers’ concepts of compatibility 
with western society as well as that of low complexity. The latter in this case is 
achieved through individuals being familiar with how common dishes in their 
culture are created and consumed. Mimicking familiarity also plays a part and 
people are more willing to try an insect when it comes in the format of a familiar 
food item [25]. Expectation also plays a role, an expectation of good flavour 
was found to be an important indicator for willingness to eat for crickets and 
silkworms [10].
There are examples where food neophobia has been overcome effectively. 
Rationing of U.S food supplies during World War II promoted consumption of 
unfamiliar organ protein. A strategy of preparing and serving these novel ingre-
dients in expected and visually familiar ways led to accelerated uptake [24]. This 
may, however, prove more difficult with insects as they are perceptually distinct 
from mainstream food products. In order to capitalise on observability, using 
novel foods in a side dish accompanying a highly favoured familiar main dish can 
reduce variation in specific perception and in overall evaluation of the meal [26]. 
Thus, introducing insect protein to side dishes with the ‘delicious’ main course 
could optimise their introduction to mainstream diets before incorporation into 
main dishes.
Making a dish familiar is not enough, it is still important for the product to actu-
ally be a strongly positive culinary experience in terms of taste and texture. An a 
priori negative perception may become justified if the dish displays textural char-
acteristics that the consumer does not enjoy and then serve to reinforce or increase 
aversion to insect dishes [13, 27]. Investment in the gastronomic integrity of dishes 
as well as in enticing advertising messages will increase the success of insect trials 
and encourage repeat consumption leading to increased observability [16]. There 
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3. Social context and current culture
3.1 Absence of social context
Western culture has little recent experience with entomophagy and this is a bar-
rier to its introduction as diet aligns strongly with the social norms of immediately 
surrounding culture [28]. This lack of social context for entomophagy allows for a 
greater level of food neophobia as all insect-based cuisine is seen as a novel food. 
Harnessing social norms may prove to be a method of increasing insect consump-
tion as almost one-third of participants in one study tried insects ‘in company’ 
having first stated they would not [29]. This study concluded that having positive 
social models could result in mitigation of the disgust response. Expanding ento-
mophagy as a social norm through positive models for people to observe and trial 
for themselves would thus increase compatibility.
3.2 Receptivity and age
Introducing children to entomophagy may bring these social norms into the 
general populace. People who tried foods in early childhood, even on rare occasions, 
were more likely to enjoy those foods when they were older. Parental influence is a 
less reliable indicator of liking foods when older, though this can encourage initial 
consumption of insect protein [30]. Social influence can be incorporated into 
the strategy by having parents and teachers as a positive model; observing adult 
influencers consuming insect products may draw greater willingness to try from the 
children. The challenge is how to develop the adult model to suit the most recep-
tive ‘primary school’ age range [7]. Introduction to children should incorporate 
both visual and taste exposure to insect products; however, the focus should be on 
providing taste exposure to children as this has been shown to increase preference 
for the food item to a greater extent [31].
3.3 Complexity through absence of social context
Lack of social norms and context also increases the complexity of accepting 
entomophagy as innovation. With little opportunity for observability, people are 
less aware of the options available for entomophagy, where to begin, or even if it is 
possible to adopt it into their lifestyle. Creating social context is vital in allowing 
individuals to observe entomophagy before trying, it shows them that such dietary 
options are possible and can be desirable. The approach sometimes taken is that of 
‘bug banquets’, events that offer the chance for consumers to try insect products. 
This approach can be biased as those people who seek out these experiences are 
more likely to have more positive views on entomophagy or lower neophobia scores. 
Furthermore, while these often result in reduced aversion to entomophagy, there is 
little to no follow-up on whether there is long-term uptake [32].
An alternative strategy for creating social context is to use social media. 
Applications such as Instagram, which has a high presence of food-related content, 
can offer recipes as well as images of available dishes. These global platforms also 
allow more insect-experienced countries to encourage the adoption of entomoph-
agy in western countries. The efficacy of this strategy is limited by the notion that 
sharing of entomophagy may be limited by the fear that it will generate a prejudice 
towards them [33]. Social media methods create enhanced observability by 
endorsements from established food pages or celebrities. Some do distrust informa-
tion from these sources and these endorsements may only need to be reflective of 
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the possible lifestyle with limited focus on information distribution. Social media 
also allows for peer-group pressure to influence spending of certain age groups 
(such as teenagers) on insect proteins. This will be important as people are more 
likely to try an insect-containing product when it is offered by a friend than an 
unknown individual [7, 34, 35].
3.4 Relative advantage
A lack of necessity is a barrier to entomophagy uptake in westernised countries 
and countries with high meat production and consumption may perceive a lack of 
need for meat-based alternatives [36]. This highlights a barrier to the introduction 
strategy of insects as a meat-based alternative as consumers have a food gradi-
ent which they follow when selecting meat-based alternatives with initial choice 
being fish and eventual choices including tofu and similar products at the bottom. 
Although not a linear path, this gradient shows that consumers have a hierarchy 
of foods that they follow with novel foods often situated at the bottom [25]. One 
proposed strategy to overcome this lack of relative advantage would be to avoid 
promotion as meat alternative. Instead, comparison to nuts could prove more 
productive as they share similarities in texture, macronutrient content, flavour and 
size and will circumnavigate the problem that insects encounter when replacing 
dishes with larger portions of meat such as steaks [32]. In order to fully capitalise 
on a relative advantage over other products, the environmental benefits can be 
emphasised. Most current comparisons, however, are with meat and there is still 
debate surrounding this area with vegetarian diets becoming ever more popular in 
western countries [37, 38]. If the environmental benefit argument is to be made, 
using circular production gives some insect products relative advantage over other 
‘green’ alternatives. A total of 1.3 billion tonnes of food produced for human con-
sumption is wasted per year and valorisation can occur through the use of certain 
insect species to convert this wasted food into a high-protein product to be used for 
human or livestock consumption [39, 40].
Differences among western populations affect uptake of entomophagy as 
individual cultures place different values on factors when choosing their food. For 
example, the French place a higher value on the pleasures and the social aspects 
of food consumption whereas the English favour convenience, organic and ethi-
cal issues when choosing their food options [41]. With entomophagy, French 
respondents place less value on the relative advantages of insect products and the 
British have been found to be more repulsed by visible insects. Understanding this 
variation creates an opportunity to have adaptive introduction models in different 
countries. This approach will work to increase the compatibility of entomophagy 
and could also be used to adapt legislation within different legal jurisdictions [42].
4. Availability of product and information
4.1 Absence of available products
The lack of general availability of insect products creates greater complexity 
through reducing the ease of both trialability and enduring adoption. In some 
cases, demand may already exceed supply and the currently rising visibility will 
influence social norms causing an increase in demand [32]. As seen with sushi and 
lobster, greater observability and supply can change societal views and there is 
no reason this could not be the same for entomophagy [32, 43]. A great range of 
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well-presented products are now available and this very variety can increase accep-
tance and adoption by consumers [24]. In addition to this, having a wider variety 
available can reduce the stigma insects have with their strong associations to pests 
or to notably high-revulsion species such as cockroaches [16].
4.2 Absence of available information
The limited supply of appropriate resources for the sourcing and preparation 
of insect-containing dishes adds to complexity; people do not know where to find 
recipes, choice advice and cooking information [36]. Though this is now changing 
rapidly, there remains a substantial information deficit. In 2015, recipes using pine 
needles and whale meat were more common than insect recipes on the food website 
‘food.com’ and there are currently almost 40 times more mentions of biscuit recipes 
than insect recipes in a goggle search (Table 1) [32].
Along with a knowledge deficit, there is also a confidence deficit contributing to 
complexity as many people would rather try insects for the first time in a restaurant 
setting than at home [25]. It is clear that to move towards lower complexity, there 
is a need for an increase in the availability of accessible and free resources. To reduce 
the need for extensive research, social media, online repositories and increased 
product information and recipes on packaging all have a part to play. These routes 
can encourage expansion of the range of dishes individuals will be willing to trial, 
and, through increasing trialability in this way, it can reduce the overall complexity 
associated with entomophagy.
5. Absence of relative advantage through high prices
Increasing the availability of insect products alone will not be sufficient to drive 
consumer acceptance for enduring entomophagy. Of those participating in a Dutch 
study, one-third found insect products to be ‘prohibitively expensive’ and although 
most people said price alone would not stop them from purchasing, the remain-
ing two-thirds did recognise price as a factor in repeat purchase decisions [44]. 
In the 2019 online market place, insect protein powders are 3–10 times the price 
of vegetable and dairy comparators. Many things currently affect sale price and 
the increased production now happening across Europe and the North American 
continent will act to reduce this. Quality, reliability and cost effectiveness arising 
from increased automation and appropriate species selection will help to reduce 
price and mitigate the current absence of relative advantage [3].
6. Conclusion
Though interest and product availability are rising, western society has yet 
to adopt entomophagy as common practice. Entomophagy remains largely 
Recipe type Insect Nut Chicken Vegetable Biscuit
Number of ‘hits’ (millions) 68 176 991 1960 2550
Relative abundance (to insect) 1 2.6 15 29 38
Table 1. 
The number and relative abundance to ‘insect recipe’ as reference, of ‘hits’ (search results) in response to 
the search terms ‘insect recipe’, ‘nut recipe’, ‘chicken recipe’, ‘vegetable recipe’ and ‘biscuit recipe’. Searches 
conducted using Google Chrome, 21 June 2019.
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incompatible with western ideals, and most westerners exhibit a disgust response 
when faced with the prospect of eating an insect. A lack of social context and 
awareness increases the complexity of the innovation and is clearly indicated by 
consumers experiencing high levels of food neophobia or low awareness of pur-
chase and preparation options.
This chapter has outlined a multitude of promising strategies to overcome such 
barriers and these strategies need to be developed concurrently (Figure 2). When 
combined, they may help ensure that entomophagy has each of the five characteris-
tics outlined by Rogers as influential to product penetration (Figure 1) [8].
Though many recent studies reviewed here have found an increase in participant 
interest and willingness to adopt through the provision of experience with ento-
mophagy, more research on long-term adoption is required. We need to understand 
what will embed long-term adoption after food neophobia and the disgust response 
have been attenuated.
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Figure 2. 
The relationships between potential strategies to overcome barriers to entomophagy. Boxes of the same colour 
indicate strategies that share an overarching theme or whose implementation can improve the ability of other 
strategies to meet their goal.
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setting than at home [25]. It is clear that to move towards lower complexity, there 
is a need for an increase in the availability of accessible and free resources. To reduce 
the need for extensive research, social media, online repositories and increased 
product information and recipes on packaging all have a part to play. These routes 
can encourage expansion of the range of dishes individuals will be willing to trial, 
and, through increasing trialability in this way, it can reduce the overall complexity 
associated with entomophagy.
5. Absence of relative advantage through high prices
Increasing the availability of insect products alone will not be sufficient to drive 
consumer acceptance for enduring entomophagy. Of those participating in a Dutch 
study, one-third found insect products to be ‘prohibitively expensive’ and although 
most people said price alone would not stop them from purchasing, the remain-
ing two-thirds did recognise price as a factor in repeat purchase decisions [44]. 
In the 2019 online market place, insect protein powders are 3–10 times the price 
of vegetable and dairy comparators. Many things currently affect sale price and 
the increased production now happening across Europe and the North American 
continent will act to reduce this. Quality, reliability and cost effectiveness arising 
from increased automation and appropriate species selection will help to reduce 
price and mitigate the current absence of relative advantage [3].
6. Conclusion
Though interest and product availability are rising, western society has yet 
to adopt entomophagy as common practice. Entomophagy remains largely 
Recipe type Insect Nut Chicken Vegetable Biscuit
Number of ‘hits’ (millions) 68 176 991 1960 2550
Relative abundance (to insect) 1 2.6 15 29 38
Table 1. 
The number and relative abundance to ‘insect recipe’ as reference, of ‘hits’ (search results) in response to 
the search terms ‘insect recipe’, ‘nut recipe’, ‘chicken recipe’, ‘vegetable recipe’ and ‘biscuit recipe’. Searches 
conducted using Google Chrome, 21 June 2019.
11
How Might We Overcome ‘Western’ Resistance to Eating Insects?
DOI: http://dx.doi.org/10.5772/intechopen.88245
incompatible with western ideals, and most westerners exhibit a disgust response 
when faced with the prospect of eating an insect. A lack of social context and 
awareness increases the complexity of the innovation and is clearly indicated by 
consumers experiencing high levels of food neophobia or low awareness of pur-
chase and preparation options.
This chapter has outlined a multitude of promising strategies to overcome such 
barriers and these strategies need to be developed concurrently (Figure 2). When 
combined, they may help ensure that entomophagy has each of the five characteris-
tics outlined by Rogers as influential to product penetration (Figure 1) [8].
Though many recent studies reviewed here have found an increase in participant 
interest and willingness to adopt through the provision of experience with ento-
mophagy, more research on long-term adoption is required. We need to understand 
what will embed long-term adoption after food neophobia and the disgust response 
have been attenuated.
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Abstract
The term larva applies to the young hatchling which varies from the grown up 
adult in possessing organs not present in the adult such as sex glands and associated 
parts. Insect development is of four types namely Ametabolous, Paurometabolous, 
Hemimetabolous and Holometabolous. The larvae appear in variety of forms and 
are termed as caterpillars, grubs or maggots in different insects groups. The larval 
development consists of series of stages in which each stage is separated from the 
next by a molt. It’s a complex process involving hormones, proteins and enzymes. 
Insects grow in increments. The molting is the process through which insects can 
routinely cast off their exoskeleton during specific times in their life cycle. The 
insect form in between two subsequent molts is termed as instar. The number of 
instars varies from 3 to 40 in different insect orders depending on the surround-
ing environmental and other conditions such as inheritance, sex, food quality and 
quantity. The larvae are categorized into four types namely Protopod larva, Polypod 
larva, Oligopod larva and Apodous larva.
Keywords: instar, insect, larval development, molting
1. Introduction
A larva is a distinct immature developmental form of many animals particularly 
in insects. The term larva applies to the young hatchling which varies from the 
grown up adult in lacking some important organs like sex glands and associated 
parts. The animals such as insects, amphibians and cnidarians with indirect devel-
opment typically have larval phase in their life cycle. The diet of the larva is consid-
erably distinct from the adult.
The larval forms are often adapted to different environments than of adults. 
For example, larvae of mosquitoes live almost exclusively in aquatic environment 
during their developmental stages and live outside water after metamorphosing into 
adult forms. Such adaptations in distinct environments are for their protection from 
predators and to avoid competition for resources. During developmental stages, 
larvae consume more food to fuel up their transition into adult form. In some insect 
species immature forms are totally dependent on adult forms for feeding such as in 
social insects of orders Hymenoptera (e.g., bees, wasps, ants) and Isoptera (e.g., 
termites) and the female workers feed them.
There are several advantages of an embryo developing into larval form instead of 
growing into an adult directly because it would help the animal to overcome vari-
ous difficulties. The hatchling may need to obtain food but due to its smaller size is 
unable to feed itself the same way as an adult does. Further, it would be unable to 
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erably distinct from the adult.
The larval forms are often adapted to different environments than of adults. 
For example, larvae of mosquitoes live almost exclusively in aquatic environment 
during their developmental stages and live outside water after metamorphosing into 
adult forms. Such adaptations in distinct environments are for their protection from 
predators and to avoid competition for resources. During developmental stages, 
larvae consume more food to fuel up their transition into adult form. In some insect 
species immature forms are totally dependent on adult forms for feeding such as in 
social insects of orders Hymenoptera (e.g., bees, wasps, ants) and Isoptera (e.g., 
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There are several advantages of an embryo developing into larval form instead of 
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ous difficulties. The hatchling may need to obtain food but due to its smaller size is 
unable to feed itself the same way as an adult does. Further, it would be unable to 
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make an effective use of defense mechanism as done by adult. Thus, the new orga-
nization of freshly emerged organism is best suitable to its environment. Further it 
furnishes a mode of life which is better suited to newly emerged small hatchling. The 
additional advantage of this corresponding organization is that it enables the larva to 
exploit an entirely different environment from that of its grown-ups. Thus, a terres-
trial adult may have aquatic larval form such as in order Odonata (Dragonflies and 
Damselflies), a flying adult may have burrowing larvae as in order Diptera (Flies) 
and an adult may have free-living larvae in order Trichoptera (Caddisflies).
The arthropods cast off their cuticle at regular intervals to undergo a brief 
period of development before reaching mature size. Post-embryonic development 
is divided into a series of stages in which each stage is distinct from the next one 
by a molt. The larval forms usually change in shape during their development 
and progressive stages are not similar in insects. This change in form is known 
as metamorphosis. These changes are controlled by a juvenile hormone which is 
secreted by glands-corpora allata present in the posterior region of insect’s head. It 
is released during each molt and its amount decreases each time. As the concentra-
tion of juvenile hormone declines, more adult characters appear and the adult stage 
is produced. In arthropods, the larval forms move between stages by molting of 
their exoskeleton. The new exoskeleton develops beneath the old skin. During the 
formation of new exoskeleton, insect’s body gets swelled up due to intake of either 
air or water until the old exoskeleton breaks down. The newly formed exoskeleton 
hardens and different tanning agents get deposited onto the surface. After the 
succession of molts, an insect reaches the final adult form and no further molt takes 
place. Each developmental stage of an arthropod between molts is termed as Instar. 
For example, after hatching from egg, the hatchling is said to be first instar. When 
the insect molts again, it is then a second instar and so on.
2. Patterns of growth and development in insects
There are four patterns of growth and development in insects namely 
Ametabolous, Paurometabolous, Hemimetabolous and Holometabolous.
2.1 Ametabolous development (simple metamorphosis)
It is the type of insect development in which there is no metamorphosis. The 
emerged immature stage appears very similar to adult except that it lacks sexual 
structures. It grows only in size by replacing its old skin through molting. The larva 
grows bigger and the genitalia develops progressively with each molt. The young 
one which emerges from egg resembles adult in miniature form, is called nymph. 
The reproductive organs are undeveloped in nymph and after molting the nymph 
becomes an adult. Both forms i.e., the nymphs and adults live in the same habitat.
This is the characteristic feature of Apterygotes (e.g., Silverfish-Lepisma 
Linnaeus and Springtail). For instance, the silverfish hatched from egg looks like 
an adult and undergoes subtle anatomical changes between molts (Figure 1). 
Immature silverfish molts 6–7 times until it reaches sexually mature adult stage. In 
favorable conditions, silverfish may typically continue to molt during its lifespan 
and molts 25–66 times [1].
2.2 Paurometabolous development (gradual metamorphosis)
Paurometabolous development is found in less primitive forms like cockroaches, 
grasshoppers, praying mantis and white ants. In this type of development, the 
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newly emerged young one closely resembles the adult in general body form, habits 
and habitat but many adult characters like wings and reproductive organs are not 
developed and their relative proportions of the body also differs. The young forms 
are termed as nymphs. The wings develop as wing pads on second and third tho-
racic segments at an early stage and gradually increase in size during each successive 
molt. The external genitalia also develops gradually after each molt. These nymphs 
lead an independent life and attain adult features through several molts. There are 
three stages in the life cycle of these insects i.e., egg, nymph, imago (adult) and 
no pupal stage is there. For instance in grasshoppers, before becoming adults the 
Figure 1. 
Ametabolous development in Lepisma.
Figure 2. 
Paurometabolous development in grass-hopper.
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nymphs undergo 5–6 molts to change their body form (Figure 2). The nymph stage 
is species specific and lasts for a period of 5–10 days depending upon the weather 
conditions like temperature and humidity.
2.3 Hemimetabolous development (incomplete metamorphosis)
In this type of development, adult form is attained by gradual morphological 
changes with successive molts. The hatched larva lacks wings and genitalia but have 
some other characteristic features which are absent in adult. These features are lost at 
the final molt. The orders Plecoptera, Ephemeroptera and Odonata (Figure 3) have 
aquatic larval stages. The young forms are known as naiads which are aquatic and 
respire by external gills but the adults are terrestrial in behavior. Their life cycle also 
involves three stages: eggs, naiads and adults. When the naiads are ready to transform 
into adults, they come out of water and adult winged forms are released. The wings and 
genitalia develop externally but are not fully formed till adulthood. After the formation 
of wings no further molting takes place, only exception in mayflies where winged forms 
of aquatic nymphs come out and rest on trees to undergo final molting to become adults.
2.4 Holometabolous development (complete metamorphosis)
Complete metamorphosis is a kind of morphological change during post-embry-
onic transformation in which larva has no similarity with adult and there is always 
Figure 3. 
Hemimetabolous development in dragonfly.
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a pupal stage. Complete metamorphosis takes place in orders Coleoptera, Diptera, 
Hymenoptera and Lepidoptera. Pupal stage is the characteristic of holometabolous 
development i.e., this stage is present between the last larval stage and the adult.
In Order Lepidoptera (moths and butterflies), the larva is known as Caterpillar 
(Figure 4). It possesses a distinct head with powerful mandibles and three pairs 
of jointed thoracic legs. The abdomen has four or five pairs of un-jointed, short 
abdominal legs which are termed as pseudo-legs or prolegs. These caterpillars eat 
voraciously and grow rapidly with several moltings. After completing four or five 
molts, the caterpillar is transformed into pupal stage.
In Order Diptera (Houseflies and other flies), the larva is worm-like and devoid 
of appendages and is known as maggot (Figure 5). The mature larva is about 12 mm 
long. The head is indistinct, with a pair of oral lobes and hooks.
In Order Coleoptera (ground beetles, ladybirds and rove beetles), like adults the 
larvae referable to many beetle families are predatory in nature. The larval mor-
phology is highly varied among species, with well-developed and sclerotized heads, 
distinguishable thoracic and abdominal segments and are known as grubs.
In Order Hymenoptera (bees and wasps), the larvae are grub-like with well 
developed head and mouthparts are of chewing type. Larvae are generally apodous, 
rarely eruciform with locomotory appendages.
2.5 Types of larvae
The larvae in different orders of insects are known by different names i.e., 
larvae of butterflies and moths are termed as caterpillars and those of Diptera and 
Figure 4. 
Holometabolous development in butterfly.
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Coleoptera are termed as maggots and grubs respectively. The larvae are grouped 
into four types on the basis of development of appendages (Figure 6).
1. Protopod larva: In this type, larvae come out from the eggs which contain very little 
amount of yolk and this happens during the early stages of embryonic development. 
There is no segmentation on the abdomen. The thoracic appendages and head 
(cephalic) are primitive in form e.g., endoparasitic larvae of order Hymenoptera.
2. Polypod larva: In this type, larvae have three pairs of thoracic legs and two to five 
pairs of abdominal prolegs. The body of the polypod larva is well segmented and is 
termed as “eruciform” (cylindrical type). Only prothoracic and abdominal spiracles 
are open in their respiratory system. Larvae of orders Mecoptera (Scorpion flies 
and hanging flies) and Lepidoptera (butterflies and moths) are of polypod type.
On the basis of number and location of prologs, the lepidopteran larvae are 
further classified into three types: caterpillar, semilooper and looper.
a. Caterpillar: Caterpillar is the larval stage in Order Lepidoptera. It has soft 
body that can grow rapidly between molts. It bears five pairs of prolegs which 
are present on 3rd, 4th, 5th, 6th and 10th abdominal segments and three 
pairs of thoracic legs. e.g., larvae of gram pod borer and Lemon butterfly.
b. Semilooper: The semilooper larva bears three pairs of thoracic legs and 
three pairs of prolegs which are present on 5th, 6th, and 10th abdominal 
segments e.g., Cotton Semilooper and Castor Semilooper.
Figure 5. 
Holometabolous development in housefly.
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c. Looper: The looper larva have three pairs of thoracic legs and two pairs of 
prolegs present on 6th and 10th abdominal segments e.g., Cabbage looper.
3. Oligopod larva: The body of the oligopod larva is well segmented. It have three 
pairs of thoracic legs and possesses well developed cephalic appendages. The 
prolegs are absent. In some oligopod larvae, a pair of cerci or similar caudal 
processes is present. Head capsule is well developed and mouthparts are similar 
to the adult. On the basis of structure, the oligopod larvae can be further classi-
fied into two types viz., Campodeiform type and Scarabaeiform type.
a. Campodeiform type: The campodeiform larva has dorso-ventrally flat-
tened and well sclerotized body which bears long thoracic legs and a 
pair of terminal cerci. This type of larvae is found in orders Neuroptera, 
Trichoptera, Strepsiptera and in some Coleoptera (e.g., Lacewing and 
Ladybird beetle).
b. Scarabaeiform type: The larva in this type is fleshy and ‘C’-shaped with 
poorly sclerotized abdomen and thorax. It bears short legs and terminal 
abdominal processes (cerci) are absent. These larvae are less active and 
sluggish in nature. Scarabaeiform larvae are mainly in Scarabaeoidea and 
also in some other Coleopterans (e.g., White grub, Rhinoceros beetle).
4. Apodous Larva: Thoracic legs or abdominal prolegs are absent in case of 
apodous larva and it has poorly sclerotized cuticle (e.g., Honey bee, House fly, 
Fruit fly). On the basis of degree of development of head, the apodous larvae 
can be further grouped into the following three types:
a. Eucephalous Larva: In this type, larva has well sclerotized head capsule 
with relatively reduced cephalic appendages and is found in Nematocera 
(Diptera), Cerambycidae (Coleoptera) and Aculeata (Hymenoptera). E.g., 
Mango stem borer, Mosquito.
b. Hemicephalous Larva: In this type, larva has reduced head capsule that 
can be withdrawn within the thorax. It is found in families Tipulidae and 
Tabanidae of order Diptera. E.g., Crane fly, Horse fly.
c. Acephalous Larva: This type of larva has no head capsule and cephalic 
appendages. E.g., Larva of House fly).
Like larvae, the pupae are also of various types (Figure 7). These can be grouped 
according to the presence or absence of functional mandibles which might be used 
by the adult to emerge from the cocoon or pupal cell. The functional mandibles are 
present in decticous type of pupa, whereas in the adecticous type, the mandibles are 
not functional. The latter type can be subdivided into two: exarate and obtect. The 
exarate pupa has free appendages and the obtect have appendages glued to the rest 
of the pupal body. An exarate pupa enclosed in a puparium is termed as coarctate 
whereas the silken protective case of obtect pupa is known as cocoon.
2.6 Heteromorphosis
Heteromorphosis is the type of development characterized by radical change in 
forms between successive larval instars. The larval instars are pretty much similar in 
many endopterygotes. However, a larva experiences typical change in morphology 
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and in habits during development in some families of orders Coleoptera (Meloidae, 
Ripiphoridae), Diptera, Hymenoptera, Neuroptera and in all Strepsiptera. It is com-
mon in parasitic and predaceous insects where change in habit occurs during course 
of development. This is further of two types:
In first type, eggs are laid in open and the first stage larva searches for its host. 
In this type, the newly emerged first stage larva is an active campodeiform larva. 
For example, in Strepsiptera, larva attaches itself to a host often a bee or a sucking 
bug. When the bee visits a flower in which the larva is lurking, subsequently, it 
becomes an internal parasite and loses all traces of appendages and a series of dorsal 
projections starts developing which increases its absorptive area. The cephalothorax 
develops during sixth and seventh larval stages. Another example is of blister bee-
tles (Meloidae), the larva hatches as free-living campodeiform which can actively 
search for food. After locating the food source, the larva soon molts to second stage 
i.e., eruciform (caterpillar like). Further, it has to pass through either two or more 
additional larval instars, where it may remain as eruciform or become scarabae-
iform. A basically similar life history with an active first stage larva followed by 
inactive parasitic stages occur in Acroceridae (Diptera), Bombyliidae, Epipyropidae 
(Lepidoptera), Mantispidae (Neuroptera), Nemestrinidae (Diptera), Perilampidae, 
Eucharidae (Hymenoptera), Meloidae and some Staphylinidae (Coleoptera).
Figure 7. 
Different types of insect pupae: (a) Decticous pupa (b) Adecticious pupa, (c) Exarate Adecticous pupa,  
(d) Obtect Adecticous pupa.
Figure 6. 
Different types of insect larvae: (a) Caterpillar, (b) Semilooper, (c) Looper, (d) Campodeiform, (e) Scarabaeiform, 
(f) Eucephalous larva, (g) Hemicephalous larva, (h) Acephalous larva.
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In second type of heteromorphosis, the eggs are laid in or on the host. It 
occurs in some endoparasitic Diptera and Hymenoptera. Among the parasitic 
Hymenoptera, the newly emerged larva is of protopod type larva. It has many 
different forms in different insect species. For instance, the first stage larva of 
Helorimorpha Schmiedeknecht of family Braconidae (Hymenoptera) has a small 
unsegmented body, a big head and a tapering tail. On the other hand the third stage 
larva is a fairly typical eucephalous hymenopteran larva. In Platygastridae, the first 
stage larva is more specialized, with an anterior cephalothorax bearing rudimentary 
appendages. These larvae hatch from eggs which contain very little amount of yolk.
2.7 Number of instars
During immature development, larvae of insects and other arthropods molt 
regularly by shedding their exoskeletons. Thus, instar is a developmental stage 
between two successive molts in the life cycle of an arthropod and the development 
period of larvae in insects is divided into a few discrete stages. The dissimilarity 
between instars is often observed in altered body proportions, patterns, colors, 
number of body segments, head width and appendages. Arthropods shed their 
exoskeleton in order to grow and to assume a new form. After shedding their exo-
skeleton, the juvenile insects continue their life cycle till they either pupate or molt 
again. The first larval instar stage begins at hatching and it ends at the first larval 
molt. In holometabolous insects, the last instar is a phase from final molt to either 
prepupal or pupal stage or the eclosion of an imago in hemimetabolous insects. The 
period of growth is species specific and is fixed for every instar. The larval instars 
number varies across various insect species.
An insect instar number also depends on the surrounding environmental and 
other conditions. The most common factors affecting the number of instars are 
temperature, humidity, photoperiod, physical condition, inheritance, sex, food 
quality and quantity. Lower temperature and less humidity often slow down the 
rate of development. In some insects, e.g., in salvinia stem borer moth, the number 
of instars relies on early larval nutrition. In addition, the presence of injuries has 
been observed to influence the number of instars in some species. During suitable 
conditions, the instar number is higher in exceptional species of orders Orthoptera 
and Coleoptera. Intraspecific variability in the number of larval instars is a wide-
spread phenomenon occurring in most major insect orders, in both hemimetabo-
lous and holometabolous insects. For instance, the hymenopteran egg parasitoid 
Trichogramma australicum (Girault) have only one larval instar [2], whereas 34 
larval instars are reported in Leptophlebia cupida (Say) [3]. In some phylogeneti-
cally older orders like Plecoptera, Ephemeroptera and Odonata larvae have heavily 
sclerotized, non-expansible exoskeletons and the instar number is usually 10 [4, 5]. 
The larvae of a notodontid moth have an additional instar even when exposed to 
artificial rainfall [6].
Apart from other environmental factors, the inheritance and sex are the two 
factors which most commonly influence the instar number. The number of instars 
is usually sexually dimorphic and the females in general have a higher number of 
instars than males. The inherited factors affecting number of instars may be either 
hereditary or achieved by means of maternal impacts and further may rely upon 
environmental conditions encountered by a parent. Instar number might be geneti-
cally unique in larvae from various populations [7], between genetically determined 
phenotypes or between the offsprings of different individuals from the same 
population. Moreover, instar number may also differ genetically between subspe-
cies [8], or between short and long winged individuals [9]. The instar number of 
progeny is influenced by the prevailing ecological conditions during the oviposition 
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Figure 7. 
Different types of insect pupae: (a) Decticous pupa (b) Adecticious pupa, (c) Exarate Adecticous pupa,  
(d) Obtect Adecticous pupa.
Figure 6. 
Different types of insect larvae: (a) Caterpillar, (b) Semilooper, (c) Looper, (d) Campodeiform, (e) Scarabaeiform, 
(f) Eucephalous larva, (g) Hemicephalous larva, (h) Acephalous larva.
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In second type of heteromorphosis, the eggs are laid in or on the host. It 
occurs in some endoparasitic Diptera and Hymenoptera. Among the parasitic 
Hymenoptera, the newly emerged larva is of protopod type larva. It has many 
different forms in different insect species. For instance, the first stage larva of 
Helorimorpha Schmiedeknecht of family Braconidae (Hymenoptera) has a small 
unsegmented body, a big head and a tapering tail. On the other hand the third stage 
larva is a fairly typical eucephalous hymenopteran larva. In Platygastridae, the first 
stage larva is more specialized, with an anterior cephalothorax bearing rudimentary 
appendages. These larvae hatch from eggs which contain very little amount of yolk.
2.7 Number of instars
During immature development, larvae of insects and other arthropods molt 
regularly by shedding their exoskeletons. Thus, instar is a developmental stage 
between two successive molts in the life cycle of an arthropod and the development 
period of larvae in insects is divided into a few discrete stages. The dissimilarity 
between instars is often observed in altered body proportions, patterns, colors, 
number of body segments, head width and appendages. Arthropods shed their 
exoskeleton in order to grow and to assume a new form. After shedding their exo-
skeleton, the juvenile insects continue their life cycle till they either pupate or molt 
again. The first larval instar stage begins at hatching and it ends at the first larval 
molt. In holometabolous insects, the last instar is a phase from final molt to either 
prepupal or pupal stage or the eclosion of an imago in hemimetabolous insects. The 
period of growth is species specific and is fixed for every instar. The larval instars 
number varies across various insect species.
An insect instar number also depends on the surrounding environmental and 
other conditions. The most common factors affecting the number of instars are 
temperature, humidity, photoperiod, physical condition, inheritance, sex, food 
quality and quantity. Lower temperature and less humidity often slow down the 
rate of development. In some insects, e.g., in salvinia stem borer moth, the number 
of instars relies on early larval nutrition. In addition, the presence of injuries has 
been observed to influence the number of instars in some species. During suitable 
conditions, the instar number is higher in exceptional species of orders Orthoptera 
and Coleoptera. Intraspecific variability in the number of larval instars is a wide-
spread phenomenon occurring in most major insect orders, in both hemimetabo-
lous and holometabolous insects. For instance, the hymenopteran egg parasitoid 
Trichogramma australicum (Girault) have only one larval instar [2], whereas 34 
larval instars are reported in Leptophlebia cupida (Say) [3]. In some phylogeneti-
cally older orders like Plecoptera, Ephemeroptera and Odonata larvae have heavily 
sclerotized, non-expansible exoskeletons and the instar number is usually 10 [4, 5]. 
The larvae of a notodontid moth have an additional instar even when exposed to 
artificial rainfall [6].
Apart from other environmental factors, the inheritance and sex are the two 
factors which most commonly influence the instar number. The number of instars 
is usually sexually dimorphic and the females in general have a higher number of 
instars than males. The inherited factors affecting number of instars may be either 
hereditary or achieved by means of maternal impacts and further may rely upon 
environmental conditions encountered by a parent. Instar number might be geneti-
cally unique in larvae from various populations [7], between genetically determined 
phenotypes or between the offsprings of different individuals from the same 
population. Moreover, instar number may also differ genetically between subspe-
cies [8], or between short and long winged individuals [9]. The instar number of 
progeny is influenced by the prevailing ecological conditions during the oviposition 
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or larval period of parents. When reared in isolation, the nymphs of locusts namely 
Schistocerca gregaria Forsskal and Nomadacris septemfasciata (Serville) have more 
instars. In case of gypsy moths, the larvae which develop from the last laid smaller 
eggs of specific females usually have more instars [10]. There are some further 
factors which may particularly affect the number of instars. In case of termites, the 
larvae belonging to different castes also have different number of larval instars [11]. 
Lycaenid butterfly larvae have more instars when they live in association with ants 
and they have low pupal weight when ants are not present [12].
The larvae enter in a stage of inactivity i.e., remain motionless after final instar 
and stop feeding. This stage is known as pupal stage (chrysalis in case of butter-
flies). The larvae begin to resemble adults at the end of this stage due to the ana-
tomical modifications that take place in them and also due to the appearance of new 
organs and tissues (Table 1).
3. Molting during post-embryonic development
In larval forms, when the exoskeleton is outgrown, the insects undergo 
molting regularly. In insects, the unique process of molting is under hormonal 
control and thus involves various hormones, proteins and enzymes.  
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During developmental phase when an immature insect needs a larger exoskel-
eton, the neurosecretary cells present in the brain are activated. It helps the 
larva to ward off its old exoskeleton. Thus molting is the phenomenon by which 
insects develops. Under controlled and protected conditions, it permits the body 
of the developing insect to expand. In order to increase in size the insect must 
sheds its skin in favor of new underneath skin. Insect can molt 5–60 times in the 
total life span depending upon its species. Stadium is the time interval between 
the two subsequent molts and instar is the form assumed by the insect in any 
stadium. Each instar ends with molting.
When there is no more space for the insect to expand inside its old exoskeleton, 
hormone triggers molting which separates the exoskeleton from the underlying 
epidermis and the molting fluid fills the newly created gap. Proteins are secreted by 
the epidermal cells to form a new cuticle. Later on, when the new cuticle is in place, 
the inner layer of the exoskeleton is digested by the enzymes present in the molting 
fluid. Epidermal cells recycle the chitin and proteins which are then secreted under 
the new cuticle.
With the formation of new exoskeleton the insects can further start shedding 
its old exoskeleton. The insect expands its body with the intake of large amount of 
air and the outer shell is forced to get split, usually down the dorsal side as a result 
of muscular contractions. The outgrown exoskeleton squeezes out the bud. It is 
a compulsion for the insect to expand and swell its newly formed cuticle which 
conclusively makes this new cuticle large enough so it can allow room for any 
further growth. The newly formed overcoat is much paler in appearance and is soft 
than that of the older one, however, it starts to become darker and hardens itself 
within few hours. The appearance of the insect seems like a slightly larger copy of 
its previous form.
The whole procedure of development of an insect is influenced mainly by three 
hormones: Prothoracicotropic hormone (PTTH), Ecdysone and Juvenile hormone 
which are secreted by neuro-secretory cells (NSC) present in the brain, Prothoracic 
gland (JH) and corpora allata respectively. The signals are sent by the developing 
body of the insect to the brain and direct it to activate the clusters of neurosecretory 
cells which then produce PTTH which passes down into neurohemal organ, Corpora 
Cardiaca (CC) to release stored PTTH into the circulatory system (Figure 8).  
The prothoracic glands get stimulated by this to secrete Ecdysone. The active form 
of ecdysone triggers a series of physiological events leading to the formation of a 
new exoskeleton by the process known as apolysis.
Along with serving the purpose of acting as a hormone release site, the 
Neurohemal organ also synthesizes hormones. It is the responsibility of JH to 
maintain the insect in its young state and it modifies expression of the molt, acts 
in conjunction with ecdysone. JH hormone favors the synthesis of larval structures 
and adult differentiation and thus considered as a modifying agent.
3.1 Regeneration
During larval development some insects are able to regenerate their appendages 
following their accidental loss. If the loss occurs early in a developmental stage, 
before the production of molting hormone, the appendage reforms at the next 
molt. The regeneration occurs in larval forms of Blattodea, Phasmatodea, in some 
Hemiptera, Orthoptera and holometabolous insects. The regeneration of cuticular 
structures can only happen at a molt as this is the only time at which new cuticle is 
produced. Consequently, regeneration of appendages does not occur in adults and 
is restricted to larval stages only. Regeneration of muscles and parts of the nervous 
system also occurs during development stages.
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In an organism, body size is one of the most important life history characters. 
Its effects on fitness are well documented and have been extensively studied both 
theoretically and empirically. Gaining weight and eating is the foremost function 
of the larva which leads to several developmental changes during this phase. The 
eyes, palpi, proboscis, antennae, reproductive organs and wings starts developing 
and the larval legs will develop into the adult legs. Prior to pupation, growth of 
these organs accelerates during the last one or 2 days, hence when pupa is formed 
the major important changes to the adult form have already been taken place. There 
is a progressive increase in weight throughout the developmental stages. Body size 
is flexible i.e., it can change in response to different environmental conditions. For 
example, insects developing at higher temperatures are generally smaller than those 
developing at lower temperatures and well fed organisms are typically larger than 
those fed at poor quality diet.
Normally the weight increases consistently throughout the phase of develop-
ment and then falls slightly at the time of molting due to the loss of cuticle and some 
loss of water that is not replaced because the insect is not feeding. After molting, the 
weight quickly increases above its previous level. Expressed in terms of increase in 
absolute weight, the growth rate is usually greater in the later stages, but the relative 
growth rate normally decreases as the organism increases in size. In some aquatic 
insects before a molt there is no decrease in weight, but, at the same time, there is a 
sharp increase at the time of ecdysis due to the retention of water, either through the 
cuticle or by means of alimentary canal. This is utilized to build the volume of the 
insect, thus splitting the old cuticle.
Figure 8. 
Hormonal control of insect development.
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D’Amico et al. analyzed the physiological basis of body size evolution in the 
tobacco hornworm, Manduca sexta (Linnaeus) of family Sphingidae. In this species, 
the final body size of the adult is determined by five variable factors: the initial size 
of the last larval instar, growth rate during that instar, critical weight, time delay 
between achieving critical weight and initiation of prothoracicotropic hormone 
(PTTH) secretion and timing of photoperiodic rate for PTTH secretion. They 
demonstrated that in a continuous laboratory culture over a 30 year period (approxi-
mately 220 generations) body size of this insect increased by 50%. This evolutionary 
increase in body size could be accounted for by changes in three of the five factors: 
growth rate, critical weight, and PTTH delay time (the remaining two factors 
remained unchanged during this period). The quantitative change in these three fac-
tors was shown to account for over 95% of the evolutionary change in body size [13].
In final (fifth) instar larvae of Manduca sexta (Linnaeus), somatic growth is caus-
ally associated with the timing of number of endocrine events that induce the onset 
of pupation and metamorphosis [14]. The growth stops and metamorphosis begins, 
with the secretion of PTTH and ecdysteroids in the final instar. PTTH and ecdyster-
oid secretions are inhibited by the presence of juvenile hormone (JH) [15]. The level 
of JH circulating in the hemolymph is high during the first few days of the instar but 
drops dramatically when the larva attains a specific critical weight. The larval growth 
stops when the sequence of endocrine and physiological events initiated by the criti-
cal weight culminates in the secretion of ecdysteroids [16].
Holometabolous insects acquire their adult biomass during larval growth. In 
this manner, food consumption is intense and the fat body enlarges amid larval 
development. However, they do not feed during metamorphosis and simply exploit 
the nutrients stored during their larval development. During metamorphosis, the 
fat body is reconstructed through cellular turnover to the degree that when the adult 
insect emerges, the fat body has been remolded or is completely replaced [17].
The crowding affects the rate of development and also influences the adult size. 
Insects from crowded conditions are generally smaller than the others developed in 
isolation. For example in Aedes aegypti (Linnaeus), crowding in the habitat gener-
ated lighter pupae, longer larval period and increased mortality [18].
4.1 Control of growth
Larval growth is characterized by periodic molts and to some extent the inter-
nal changes are correlated with the molting cycle. Larval growth is regulated by 
ecdysteroid molting hormone which helps in producing larval characters. While 
hormones exert an overall controlling influence, local factors are also responsible 
for controlling the form of particular areas in the larval body. For example, epider-
mal cells often show distinct polarity secreting cuticle in a form giving an obvious 
anterior–posterior pattern. In the first stage larva of Schistocerca Stal, the cuticular 
plates associated with each epidermal cell on the sides of abdominal sternites are 
produced into backwardly pointing spines. Similarly in seed bugs, Oncopeltus Stal, a 
row of spines marks the posterior end of the area of cuticle. The scales also grow out 
with a particular orientation in butterflies and moths. The experimental manipula-
tion shows that the polarity of the cells within a body segment is produced by a 
gradient of a diffusible substance known as a morphogen.
In addition to having a specific orientation, cuticular structures are dispersed 
in regular patterns. For example, in assassin bugs (Rhodnius Stal), the larvae bear 
a number of evenly spaced sensilla. Sensilla are the smallest functional units of 
insect sensory system and form an essential interface between external and internal 
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D’Amico et al. analyzed the physiological basis of body size evolution in the 
tobacco hornworm, Manduca sexta (Linnaeus) of family Sphingidae. In this species, 
the final body size of the adult is determined by five variable factors: the initial size 
of the last larval instar, growth rate during that instar, critical weight, time delay 
between achieving critical weight and initiation of prothoracicotropic hormone 
(PTTH) secretion and timing of photoperiodic rate for PTTH secretion. They 
demonstrated that in a continuous laboratory culture over a 30 year period (approxi-
mately 220 generations) body size of this insect increased by 50%. This evolutionary 
increase in body size could be accounted for by changes in three of the five factors: 
growth rate, critical weight, and PTTH delay time (the remaining two factors 
remained unchanged during this period). The quantitative change in these three fac-
tors was shown to account for over 95% of the evolutionary change in body size [13].
In final (fifth) instar larvae of Manduca sexta (Linnaeus), somatic growth is caus-
ally associated with the timing of number of endocrine events that induce the onset 
of pupation and metamorphosis [14]. The growth stops and metamorphosis begins, 
with the secretion of PTTH and ecdysteroids in the final instar. PTTH and ecdyster-
oid secretions are inhibited by the presence of juvenile hormone (JH) [15]. The level 
of JH circulating in the hemolymph is high during the first few days of the instar but 
drops dramatically when the larva attains a specific critical weight. The larval growth 
stops when the sequence of endocrine and physiological events initiated by the criti-
cal weight culminates in the secretion of ecdysteroids [16].
Holometabolous insects acquire their adult biomass during larval growth. In 
this manner, food consumption is intense and the fat body enlarges amid larval 
development. However, they do not feed during metamorphosis and simply exploit 
the nutrients stored during their larval development. During metamorphosis, the 
fat body is reconstructed through cellular turnover to the degree that when the adult 
insect emerges, the fat body has been remolded or is completely replaced [17].
The crowding affects the rate of development and also influences the adult size. 
Insects from crowded conditions are generally smaller than the others developed in 
isolation. For example in Aedes aegypti (Linnaeus), crowding in the habitat gener-
ated lighter pupae, longer larval period and increased mortality [18].
4.1 Control of growth
Larval growth is characterized by periodic molts and to some extent the inter-
nal changes are correlated with the molting cycle. Larval growth is regulated by 
ecdysteroid molting hormone which helps in producing larval characters. While 
hormones exert an overall controlling influence, local factors are also responsible 
for controlling the form of particular areas in the larval body. For example, epider-
mal cells often show distinct polarity secreting cuticle in a form giving an obvious 
anterior–posterior pattern. In the first stage larva of Schistocerca Stal, the cuticular 
plates associated with each epidermal cell on the sides of abdominal sternites are 
produced into backwardly pointing spines. Similarly in seed bugs, Oncopeltus Stal, a 
row of spines marks the posterior end of the area of cuticle. The scales also grow out 
with a particular orientation in butterflies and moths. The experimental manipula-
tion shows that the polarity of the cells within a body segment is produced by a 
gradient of a diffusible substance known as a morphogen.
In addition to having a specific orientation, cuticular structures are dispersed 
in regular patterns. For example, in assassin bugs (Rhodnius Stal), the larvae bear 
a number of evenly spaced sensilla. Sensilla are the smallest functional units of 
insect sensory system and form an essential interface between external and internal 
sensory environments of the insect. At each molt, these increase in number, new 
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sensilla being formed in the biggest gaps between the existing sensilla. This is 
consistent with the hypothesis that if the sensilla become widely spaced due to the 
growth of epidermis, the morphogen accumulates between them. If the concentra-
tion of morphogen exceeds a certain threshold, the development of a new sensillum 
is initiated. The development of sensilla on the cuticle in adults of Oncopeltus Stal 
can be accounted for in a similar way. Where two or more integumental features 
are present in an integrated pattern, they may be controlled by the same substance. 
For instance, in Rhodnius Stal, it is suggested that a differentiating substance- mor-
phogen in high concentration produces the sensilla and the same substance in low 
concentration initiates the development of dermal glands, which are thus arranged 
round each sensillum. In Drosophila Fallen, and almost certainly in other insects, 
the boundaries of the para segments are source of signals that organize the pattern-
ing and orientation of associated cellular fields [19].
There is relatively little information on control of growth of the integral organs, 
but some show cyclical activity which coincides with the molt. In Rhodnius Stal, the 
fat body cells exhibit a marked increase in RNA concentration and mitochondrial 
number just before a molt and the ventral abdominal intersegmental muscles 
become fully developed only at this time. In some insect orders, Malpighian tubules 
increase in numbers; mitosis and development of new tubules are phased with 
respect to each molt.
4.2 Increase in size of the cuticle
Integument is the external layer of tissue that covers the outer surface of insects 
and the surfaces of the foregut and hindgut. It is composed of epidermis which is 
a continuous single layered epithelium, an underlying thin basal lamina and the 
extracellular cuticle that lies on top of the epidermis. An extracellular layer i.e., the 
cuticle covers the outer surface of the insect’s body. It serves dual function. Firstly, 
it acts as a skeleton for muscle attachment and secondly, as a protective barrier 
between the insect and its respective environment.
Depending upon insect species, its developmental stage along with the body 
region, the cuticular layer may vary in thickness which can range from few 
micrometers to millimeters. It can be as thin as 1 μm in the hindgut and over gills 
(Ephemeropteran larvae) and as thick as 200 + μm (elytra of large beetles). The 
cuticle is highly diverse in their mechanical properties and can be divided into two 
groups: stiff, hard cuticles and soft, pliant (easily bent) cuticles. It also differs in 
color and in surface sculpturing, but electron microscopy shows that all types of 
cuticles are built according to a common plan. It is the essential part of the integu-
ment which further has the cuticle producing epidermal cells, sense organs and 
various glands. Epicuticle, procuticle and subcuticle are three distinct layers of the 
cuticle (Figure 9). The epicuticle being the outermost covers the complete cuticular 
surface. Procuticle comprises the principle part of the cuticle. Subcuticle is pres-
ent in between the procuticle and the epidermal cells. It is a thin histo-chemically 
well-defined layer. This layer serves as the accumulation zone where the newly 
formed cuticular material is assembled and added to the cuticle that already exists 
and also binds the cuticle and epidermis. In the early stages of the development of 
the cuticle, before the insect sheds the cuticle of its previous stage, the amount of 
protein per unit chitin is much less than in the mature developed cuticle [20].
The single celled layer of epidermis constructs the cuticle. The epidermis effec-
tively stores the lamellate endocuticle in those regions where the cuticle is extensible 
during the intermolt period. At the apical surface of epidermal cells, the plaques of 
chitin and protein are discharged at the tips of microvilli. Above the plaques in the 
extracellular space, the cuticle arises by self-assemblage of chitin microfibrils and 
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secreted proteins. As the larva develops, the epidermal cells beneath the flexible 
cuticle also grow. The epicuticle in the case of soft-bodied insects e.g., in tobacco 
hornworm, Manduca sexta (Linnaeus) gets deposited in folds to permit develop-
ment during the succeeding intermolt period. In this case, after ecdysis during the 
first day, the underlying endocuticle grows by means of apical expansion points 
created by the discharge of vertical chitin microfilaments. The epidermal cells 
segregate from the overlying cuticle and experience a burst of RNA synthesis at 
the beginning of the molt. Endocuticle synthesis comes to an end and then there 
is secretion of two inactive enzymes namely, chitinolytic and proteolytic. These 
enzymes form “molting gel” which fills the space in between the apical border of 
the epidermis and old cuticle. With the activation of these enzymes, the process of 
digestion takes place in old endocuticle. Then, cuticulin is deposited first at the tips 
of the plasma membrane plaques followed by deposition between the plaques to 
form a complete layer. Cuticulin is a structural protein in the cortical layer. It forms 
the outer part of the epicuticle and provides hardness and waterproofing to cuticle. 
The epicuticle precursors like polyphenols, lipids and proteins are secreted and con-
gregated on the inner face of the cuticulin layer. Then, the action of phenoloxidases 
that cross-link the proteins and polyphenols stabilizes the entire structure, followed 
by the withdrawal of the apical membrane of the epidermal cells from the patterned 
surface which further starts the formation of procuticle.
4.3 Ecdysis of the old cuticle
Ecdysis is derived from the Greek word ekdusis, which means “put off.” It 
describes the process by which arthropods and insects shed/cast off their outer 
cuticle (exoskeleton). While the new cuticle is formed, the older one remains intact 
and the muscles stay attached to the same cuticle to make it possible for the insect to 
move. Towards the end of the molt just before ecdysis, there is secretion of certain 
proteases into the molting gel. Then, these enzymes work together in the digestion 
of the chitin and proteins in the old endocuticle down to their components: N-acetyl 
Figure 9. 
Structure of insect integument.
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sensilla being formed in the biggest gaps between the existing sensilla. This is 
consistent with the hypothesis that if the sensilla become widely spaced due to the 
growth of epidermis, the morphogen accumulates between them. If the concentra-
tion of morphogen exceeds a certain threshold, the development of a new sensillum 
is initiated. The development of sensilla on the cuticle in adults of Oncopeltus Stal 
can be accounted for in a similar way. Where two or more integumental features 
are present in an integrated pattern, they may be controlled by the same substance. 
For instance, in Rhodnius Stal, it is suggested that a differentiating substance- mor-
phogen in high concentration produces the sensilla and the same substance in low 
concentration initiates the development of dermal glands, which are thus arranged 
round each sensillum. In Drosophila Fallen, and almost certainly in other insects, 
the boundaries of the para segments are source of signals that organize the pattern-
ing and orientation of associated cellular fields [19].
There is relatively little information on control of growth of the integral organs, 
but some show cyclical activity which coincides with the molt. In Rhodnius Stal, the 
fat body cells exhibit a marked increase in RNA concentration and mitochondrial 
number just before a molt and the ventral abdominal intersegmental muscles 
become fully developed only at this time. In some insect orders, Malpighian tubules 
increase in numbers; mitosis and development of new tubules are phased with 
respect to each molt.
4.2 Increase in size of the cuticle
Integument is the external layer of tissue that covers the outer surface of insects 
and the surfaces of the foregut and hindgut. It is composed of epidermis which is 
a continuous single layered epithelium, an underlying thin basal lamina and the 
extracellular cuticle that lies on top of the epidermis. An extracellular layer i.e., the 
cuticle covers the outer surface of the insect’s body. It serves dual function. Firstly, 
it acts as a skeleton for muscle attachment and secondly, as a protective barrier 
between the insect and its respective environment.
Depending upon insect species, its developmental stage along with the body 
region, the cuticular layer may vary in thickness which can range from few 
micrometers to millimeters. It can be as thin as 1 μm in the hindgut and over gills 
(Ephemeropteran larvae) and as thick as 200 + μm (elytra of large beetles). The 
cuticle is highly diverse in their mechanical properties and can be divided into two 
groups: stiff, hard cuticles and soft, pliant (easily bent) cuticles. It also differs in 
color and in surface sculpturing, but electron microscopy shows that all types of 
cuticles are built according to a common plan. It is the essential part of the integu-
ment which further has the cuticle producing epidermal cells, sense organs and 
various glands. Epicuticle, procuticle and subcuticle are three distinct layers of the 
cuticle (Figure 9). The epicuticle being the outermost covers the complete cuticular 
surface. Procuticle comprises the principle part of the cuticle. Subcuticle is pres-
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formed cuticular material is assembled and added to the cuticle that already exists 
and also binds the cuticle and epidermis. In the early stages of the development of 
the cuticle, before the insect sheds the cuticle of its previous stage, the amount of 
protein per unit chitin is much less than in the mature developed cuticle [20].
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during the intermolt period. At the apical surface of epidermal cells, the plaques of 
chitin and protein are discharged at the tips of microvilli. Above the plaques in the 
extracellular space, the cuticle arises by self-assemblage of chitin microfibrils and 
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secreted proteins. As the larva develops, the epidermal cells beneath the flexible 
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created by the discharge of vertical chitin microfilaments. The epidermal cells 
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the beginning of the molt. Endocuticle synthesis comes to an end and then there 
is secretion of two inactive enzymes namely, chitinolytic and proteolytic. These 
enzymes form “molting gel” which fills the space in between the apical border of 
the epidermis and old cuticle. With the activation of these enzymes, the process of 
digestion takes place in old endocuticle. Then, cuticulin is deposited first at the tips 
of the plasma membrane plaques followed by deposition between the plaques to 
form a complete layer. Cuticulin is a structural protein in the cortical layer. It forms 
the outer part of the epicuticle and provides hardness and waterproofing to cuticle. 
The epicuticle precursors like polyphenols, lipids and proteins are secreted and con-
gregated on the inner face of the cuticulin layer. Then, the action of phenoloxidases 
that cross-link the proteins and polyphenols stabilizes the entire structure, followed 
by the withdrawal of the apical membrane of the epidermal cells from the patterned 
surface which further starts the formation of procuticle.
4.3 Ecdysis of the old cuticle
Ecdysis is derived from the Greek word ekdusis, which means “put off.” It 
describes the process by which arthropods and insects shed/cast off their outer 
cuticle (exoskeleton). While the new cuticle is formed, the older one remains intact 
and the muscles stay attached to the same cuticle to make it possible for the insect to 
move. Towards the end of the molt just before ecdysis, there is secretion of certain 
proteases into the molting gel. Then, these enzymes work together in the digestion 
of the chitin and proteins in the old endocuticle down to their components: N-acetyl 
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glucosamine sugars and amino acids. Further, for the production of the next cuticle, 
the reabsorption of molting fluid takes place into hemolymph which helps these 
components to be recycled. The process of reabsorption happens in two manners. 
Firstly, back through new cuticle and epidermis and secondly, through the gut via 
swallowing and uptake in hindgut.
Close to the end, where molting fluid is reabsorbed the insect undergoes ecdysis 
i.e., shedding of the old cuticle which takes place in a stereotyped arrangement 
of behavior. This behavior is characterized by a series of coordinated movements 
which helps to loosen the muscle attachments with the old cuticle. After this phase, 
there is a series of peristaltic waves which travel from posterior to anterior and helps 
to make the insect to rupture the old cuticle anteriorly and to free itself. The cuticle 
opens at ecdysial sutures. These are the areas of old cuticle which lack exocuticle. In 
order Lepidoptera, the head capsule has slipped down over the forming mandibles 
early in the molt to allow the formation of a larger head capsule. The old head 
capsule isolates from the rest of the old cuticle during ecdysis and falls off as the 
new larva leaves its old cuticle.
Dermal glands i.e., Verson’s glands secretes a waterproofing cement layer on the 
top of epicuticle. When the larva sheds its old cuticle this layer sprawls over the 
surface as a result of larval movements under the old cuticle. There are certain cases 
in which there is a secretion of waxy layer on the top of this layer for the first few 
days after ecdysis which helps in preventing desiccation. The pore canals transvers-
ing through the cuticle from the epidermal cells help in secreting this waxy layer.
4.4 Post-ecdysial expansion and sclerotization
The larva fills its tracheae with air after the process of ecdysis and furthermore 
swallows air so as to expand the new larger cuticle. After achieving its final size, 
the new cuticle solidifies. It gets dark or tanned to changing degrees relying upon 
whether the cuticle is to be rigid or flexible.
Sclerotization is the phenomenon of hardening the exocuticle by cross-linking 
the proteins together with the chitin to form a balanced structure appropriate for 
an exoskeleton which helps to anchor the muscles to permit the movement. N-β-
alanyldopamine and N-acetyldopamine are the two essential cross-linking agents. 
The N-β-alanyldopamine is found in tan cuticles of many pupae belonging to order 
Lepidoptera. The key enzymes for the formation of these compounds are pheno-
loxidase for conversion of tyrosine to dopa and dopa decarboxylase for conversion 
of dopa to dopamine.
4.5 Growth of the tissues
The form of the cuticle is determined by the epidermis which may grow either 
by an increase in cell number or by an expansion in cell size. During developmental 
period the cell number increases just before molting in larval stages of insects. For 
instance, the size of the larval forms of Cyclorrhapha increases with the increase in 
the size of epidermal cells.
The growth of central nervous system in hemimetabolous insects does not 
involve the production of new neurons except in the brain. In the terminal abdomi-
nal ganglion of Acheta Linnaeus, for example, there are about 2100 neurons at all 
stages of development. On the other hand, the number of glial cells in the ganglion 
increases from about 3400 in the first stage larva to 20,000 in the adult and the 
volume of the ganglion increases 40-fold. There is extensive reconstruction of the 
nervous system in holometabolous insects during metamorphosis and undifferenti-
ated neuroblasts persist through larval period.
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During larval development, the marked changes occur in the sensory system of 
hemimetabolous insects. At each molt additional mechanoreceptors and chemo-
receptors are added to the already present receptors. The ommatidia forming the 
compound eyes also increase by number. In contrast, the number of sensilla remains 
constant throughout the larval life in holometabolous insects and compound eyes 
are only present in the adults.
The musculature in larval forms closely resembles to that of adults in most hemime-
tabolous insects. In addition, there may be some muscles that are operative only during 
molting and later disappear after the final molt. During larval development, muscles 
increase in size and there is no basic change in their arrangement. The muscles grow by 
an increase in fiber size between molts and by the addition of new fibers at molts.
In case of epidermis, increase in the size of an internal organ results from an 
increase in cell size or in cell number or sometimes both. The increase in volume 
of internal structures especially the fat body is limited by the cuticle. In holome-
tabolous insects, larvae with soft, folded cuticle, considerable growth is possible. 
The extension of the abdomen by unfolding inter-segmental membranes occurs 
in species with more rigid cuticles. In grasshoppers, and probably in some other 
insects, some growth of internal organs occurs at the expense of air sacs which 
become increasingly compressed during each developmental stage. The fat body of 
larval Aedes grows by an increase in cell number. In Drosophila, most of the tissues 
have constant number of cells and grow by cell enlargement. This enlargement is 
accompanied by endomitosis. In the midgut, both processes occur, the epithelial 
cells enlarge, but ultimately breakdown during secretion and each is replaced by 
two or more cells derived from the regenerative cells. In some insects the whole of 
the midgut epithelium is replaced at intervals by regenerative cells. In general, it 
appears that tissues which are destroyed at metamorphosis grow by cell enlarge-
ment while those that persist in the adult grow by cell multiplication.
The development of Malpighian tubules varies. In Orthopteroid orders, 
Malpighian tubules increase in number throughout the larval life. The primary 
tubules arise as diverticula from the proctodeum in the embryo. There are four 
primary tubules in Blatta, some insects have six. Secondary tubules develop later, 
largely post-embryonically. For example, Schistocerca Stal has six primary tubules, 
but twelve more are added before the larva hatches and more develop in each larval 
stage up to the adult. Secondary tubules appear as buds at the beginning of each 
larval stage, but after their initial development they increase in length without 
further cell division as a result of an increase in cell size. In holometabolous insects, 
the number of Malpighian tubules remains constant throughout their larval life but 
tubules increase in length by increasing their cell size and by cell rearrangement.
5. Conclusion
Many animals possess a distinct immature developmental form (e.g.) in case 
of insects larval forms are distinct during developmental period. The immature 
forms are much more adapted to environmental conditions than adults and con-
sume more food to undergo the process of transition from immature to adult form. 
Larval stages undergo metamorphosis in which they usually change in shape, size 
and organization to form an adult. These changes are triggered and monitored by 
hormones such as juvenile hormone. Class Insecta is characterized by four dif-
ferent patterns of growth and development i.e., Ametabolous, Paurometabolous, 
Hemimetabolous and Holometabolous. Each pattern is characterized by specific 
morphological and hormonal changes. Insect larvae are broadly classified into four 
groups: Protopod larva, polypod larva, oligopod larva and apodous larva.
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the reabsorption of molting fluid takes place into hemolymph which helps these 
components to be recycled. The process of reabsorption happens in two manners. 
Firstly, back through new cuticle and epidermis and secondly, through the gut via 
swallowing and uptake in hindgut.
Close to the end, where molting fluid is reabsorbed the insect undergoes ecdysis 
i.e., shedding of the old cuticle which takes place in a stereotyped arrangement 
of behavior. This behavior is characterized by a series of coordinated movements 
which helps to loosen the muscle attachments with the old cuticle. After this phase, 
there is a series of peristaltic waves which travel from posterior to anterior and helps 
to make the insect to rupture the old cuticle anteriorly and to free itself. The cuticle 
opens at ecdysial sutures. These are the areas of old cuticle which lack exocuticle. In 
order Lepidoptera, the head capsule has slipped down over the forming mandibles 
early in the molt to allow the formation of a larger head capsule. The old head 
capsule isolates from the rest of the old cuticle during ecdysis and falls off as the 
new larva leaves its old cuticle.
Dermal glands i.e., Verson’s glands secretes a waterproofing cement layer on the 
top of epicuticle. When the larva sheds its old cuticle this layer sprawls over the 
surface as a result of larval movements under the old cuticle. There are certain cases 
in which there is a secretion of waxy layer on the top of this layer for the first few 
days after ecdysis which helps in preventing desiccation. The pore canals transvers-
ing through the cuticle from the epidermal cells help in secreting this waxy layer.
4.4 Post-ecdysial expansion and sclerotization
The larva fills its tracheae with air after the process of ecdysis and furthermore 
swallows air so as to expand the new larger cuticle. After achieving its final size, 
the new cuticle solidifies. It gets dark or tanned to changing degrees relying upon 
whether the cuticle is to be rigid or flexible.
Sclerotization is the phenomenon of hardening the exocuticle by cross-linking 
the proteins together with the chitin to form a balanced structure appropriate for 
an exoskeleton which helps to anchor the muscles to permit the movement. N-β-
alanyldopamine and N-acetyldopamine are the two essential cross-linking agents. 
The N-β-alanyldopamine is found in tan cuticles of many pupae belonging to order 
Lepidoptera. The key enzymes for the formation of these compounds are pheno-
loxidase for conversion of tyrosine to dopa and dopa decarboxylase for conversion 
of dopa to dopamine.
4.5 Growth of the tissues
The form of the cuticle is determined by the epidermis which may grow either 
by an increase in cell number or by an expansion in cell size. During developmental 
period the cell number increases just before molting in larval stages of insects. For 
instance, the size of the larval forms of Cyclorrhapha increases with the increase in 
the size of epidermal cells.
The growth of central nervous system in hemimetabolous insects does not 
involve the production of new neurons except in the brain. In the terminal abdomi-
nal ganglion of Acheta Linnaeus, for example, there are about 2100 neurons at all 
stages of development. On the other hand, the number of glial cells in the ganglion 
increases from about 3400 in the first stage larva to 20,000 in the adult and the 
volume of the ganglion increases 40-fold. There is extensive reconstruction of the 
nervous system in holometabolous insects during metamorphosis and undifferenti-
ated neuroblasts persist through larval period.
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During larval development, the marked changes occur in the sensory system of 
hemimetabolous insects. At each molt additional mechanoreceptors and chemo-
receptors are added to the already present receptors. The ommatidia forming the 
compound eyes also increase by number. In contrast, the number of sensilla remains 
constant throughout the larval life in holometabolous insects and compound eyes 
are only present in the adults.
The musculature in larval forms closely resembles to that of adults in most hemime-
tabolous insects. In addition, there may be some muscles that are operative only during 
molting and later disappear after the final molt. During larval development, muscles 
increase in size and there is no basic change in their arrangement. The muscles grow by 
an increase in fiber size between molts and by the addition of new fibers at molts.
In case of epidermis, increase in the size of an internal organ results from an 
increase in cell size or in cell number or sometimes both. The increase in volume 
of internal structures especially the fat body is limited by the cuticle. In holome-
tabolous insects, larvae with soft, folded cuticle, considerable growth is possible. 
The extension of the abdomen by unfolding inter-segmental membranes occurs 
in species with more rigid cuticles. In grasshoppers, and probably in some other 
insects, some growth of internal organs occurs at the expense of air sacs which 
become increasingly compressed during each developmental stage. The fat body of 
larval Aedes grows by an increase in cell number. In Drosophila, most of the tissues 
have constant number of cells and grow by cell enlargement. This enlargement is 
accompanied by endomitosis. In the midgut, both processes occur, the epithelial 
cells enlarge, but ultimately breakdown during secretion and each is replaced by 
two or more cells derived from the regenerative cells. In some insects the whole of 
the midgut epithelium is replaced at intervals by regenerative cells. In general, it 
appears that tissues which are destroyed at metamorphosis grow by cell enlarge-
ment while those that persist in the adult grow by cell multiplication.
The development of Malpighian tubules varies. In Orthopteroid orders, 
Malpighian tubules increase in number throughout the larval life. The primary 
tubules arise as diverticula from the proctodeum in the embryo. There are four 
primary tubules in Blatta, some insects have six. Secondary tubules develop later, 
largely post-embryonically. For example, Schistocerca Stal has six primary tubules, 
but twelve more are added before the larva hatches and more develop in each larval 
stage up to the adult. Secondary tubules appear as buds at the beginning of each 
larval stage, but after their initial development they increase in length without 
further cell division as a result of an increase in cell size. In holometabolous insects, 
the number of Malpighian tubules remains constant throughout their larval life but 
tubules increase in length by increasing their cell size and by cell rearrangement.
5. Conclusion
Many animals possess a distinct immature developmental form (e.g.) in case 
of insects larval forms are distinct during developmental period. The immature 
forms are much more adapted to environmental conditions than adults and con-
sume more food to undergo the process of transition from immature to adult form. 
Larval stages undergo metamorphosis in which they usually change in shape, size 
and organization to form an adult. These changes are triggered and monitored by 
hormones such as juvenile hormone. Class Insecta is characterized by four dif-
ferent patterns of growth and development i.e., Ametabolous, Paurometabolous, 
Hemimetabolous and Holometabolous. Each pattern is characterized by specific 
morphological and hormonal changes. Insect larvae are broadly classified into four 
groups: Protopod larva, polypod larva, oligopod larva and apodous larva.
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During the process of molting, the insect larvae molt with number of times. 
The number of instars varies across insect species. The environmental conditions 
like temperature, humidity, photoperiod along with other factors such as sex, 
inheritance, food quality and quantity affect the number of instars. Some insects 
can regenerate their lost appendages before the production of molting hormone. 
Regeneration can be seen in larval forms of Blattodea, Phasmatodea, some hemip-
terans and orthopterans. Larval development is also marked by significant changes 
in the sensory system in hemimetabolous insects. Mechanoreceptors, chemorecep-
tors are added along with the increase in size of muscles.
Larval development is a significant phase in the development history of an insect 
which molts and physiologically change the insect to adjust in different environ-
mental conditions and habitats.
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Insects are known to be part of Sub-Saharan African region. Entomophagy is a 
common practice in Cameroon food systems. The current chapter is based on both 
original research and major literature review in the domain. A variety of insects 
species and consumable stages, as well as preference and their spatial distribution 
are presented in this chapter. Insects are described according to the recent taxonomy 
features and their bioecology is provided. Some consumption patterns, preferences 
and determinants are described. The role of insects consumption is also highlighted 
as well as some prospective investigation targeting edible insects preservation and 
sustainability in Cameroon. The paper points out some policy gaps that need to be 
addressed to harness the potentials of edible insects in Cameroon food systems.
Keywords: entomophagy, ecology, food systems, nutrition, conservation
1. Introduction
Most of sustainable development goals are food related and should be addressed 
properly. Particularly in Africa, food and nutrition insecurity is coupled to a growing 
demand of animal source proteins that could be solved by a different conception of 
food systems [1]. The ideas about considering insect production as part of livestock 
have been a long run scholar discussion in the West [1, 2] and emerged as a consis-
tent topic in Africa of recent [3, 4]. Insect consumption also called entomophagy is 
then widely accepted as a palliative to food scarcity not only for today but also for the 
future [1, 5, 6]. Insect consumption is part of cultural heritage in tropics and beyond 
[6–8]. Insects at different stages are nutritive food sources made cheaper by their 
availability and sustainable by their nature [5, 7, 9]. Cameroon has been regularly 
cited for its richness of edible insects and related practices [3, 4]. The objective of 
this review is to summarize the major features concerning edible insects, few con-
straints and opportunities for the country in a globalized and changing environment.
2. Distribution of entomophagy in Cameroon
Cameroon is an elongated country stretching from Congo Basin (humid tropics) 
to Lake Chad (Sahel). The country is also described as Africa in miniature by its 
diversity and position. The entomophagy is present everywhere from Sahelian to 
humid forest regions [3–5]. There is a variety of beliefs attached to insect consump-
tion all over the country [5, 10]. Some communities have a larger panel of edible 
insects throughout the year than other [11]. The differences observed concerning 
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practices and recipes among communities are based on preferences, ability to 
harvest and process as well as the social importance attached to insect consumption 
[11, 12]. There is a large number of insects consumed in Cameroon.
3. Diversity of edible insects
Compared to other food sources, there are little taboos in insects’ consump-
tion in most of Sub-Saharan countries [3]. About 1700 insects’ species are 
consumed around the world with majority from tropical world [1]. Some are 
widely identified and few less known in the context of recent interest by research 
in Cameroon.
3.1 Major groups
Caterpillars (order Lepidoptera) are the most populated group of edible insects 
in Cameroon concerning the number of species [10, 11, 13]. About 200 species have 
been reported and many are still unveiled. Some are used by limited communities, 
making their identification a real challenge [5, 11]. Forests provide shelter and 
perfect milieu for numerous of them [5, 7, 9]. Populations have developed a great 
knowledge about the bioecology of the most marketed species. In savannah and less 
woody forests, there are less diversity like in Adamawa and northern regions [10]. 
Figure 1 below displays the naturel gathering nest (in a tree) and fresh and dried 
caterpillars found in Cameroon.
The second group of most consumed insects is made up of termites (order 
Blattodea) with two species, Macrotermes sp., being the most exploited [10–12, 14]. 
Termites are widely exploited all over the country [10]. The common recipe is to 
grill them after removing wings with onions, raw or not, as shown in Figure 2 [14].
Besides “soft” species, crunchy and crispy are very regarded as a delicacy, mainly 
of Coleoptera order [15]. Adult Palm weevils are known as pest but “domesticated” 
by raffia palm harvesters (adults and grubs) [10, 11]. Various adults’ species are the 
most collected in Cetonia sp. (Figure 3) [13], larvae are the most demanded is palm 
weevil, particularly the yellowish skin which is grown in raffia palm (see Figure 4) 
in Cameroon household [11]. Some tree, shrubs or humus grubs are also exploited 
in particular communities and need to be properly identified [10, 13].
The acridians or grasshoppers (Orthoptera), Locusta migratoria (also Schistocerca 
gregaria) known as migratory locusts are commonly exploited in drier regions 
of Cameroon (Figure 5), whereas Ruspolia differens, Tettigonia viridissima and 
Zonocerus variegatus are exploited in humid environments in southern Cameroon 
[10, 14]. Zonocerus sp. is treated with care because of toxins if not well prepared 
before ingestion.
Figure 1. 
Edible caterpillar nest and heap of fresh and dried ones (Imbrasia sp.).
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Figure 2. 
Processing of termites (Macrotermes sp.) and selling packages in Cameroon.
Figure 3. 
Adult dried cetonia (Cetonia aurata) in Cameroon Western highlands.
Figure 4. 
Palm weevil grubs (Rynchophorus sp.) and a dish made with in Cameroon.
Figure 5. 
Migratory locusts (greyish and greenish) and dried in North Cameroon.
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Field crickets and cricket-like species (order Orthoptera) are also exploited 
in Cameroon humid regions [10, 11]. Giant cricket also called tobacco cricket 
(Brachytrupes membranaceus) is widely harvested. Some species are believed to have 
particular uses in pharmacopoeia beside being considered as food.
3.2 Specialties
Insects have played important roles in some national communities. For instance, 
some forest groups like Baka people praise the taste, flavors, contents and properties 
of some insects at particular stages [5, 11]. Honey bees larvae are considered as a 
powerful detoxification agent and then prescribed to some recovering patients in 
those communities [11]. In the same line, red ants (Oecophylla longinoda) are used 
by some forest communities in Centre region to cure manhood impotency. These 
biting red ants are collected, grilled and mixed with some other local herbs and 
fruits before consumption [11].
4. Edible insects’ trade
Insects contribute also to income generation in rural and peri urban households 
[5, 11]. Local and transboundary trade involving Cameroon has been mentioned 
in some studies [5, 14]. Insects’ harvesting requires some abilities acquired by 
empirical experiences which made some people experts and providing livelihoods 
means. This is for instance the case of Guizigua and Mofu men reputed to master 
termites’ ethology [16]. The rapid urbanization is African towns is also promot-
ing agro-industries, with impact on insects’ consumption [17]. There is a growing 
economy of edible insects though the primary objective of insects’ collection is own 
consumption [10, 11, 14]. As shown by Figure 6, there are many reasons attracting 
consumers to insects’ utilization as food sources, with varying weight.
Figure 6. 
Component rotational analysis of insects’ consumption determinants.
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4.1 Marketing channels, actors and benefits
Edible insects have become a more or less “normal” item or commodity in local trad-
ing spaces, even in big cities [17, 18]. The main categories of actors involved in collection 
are youths (irrespective of sex) for seasonal insects, women and youths for crickets and 
locusts, men for grubs and termites [5, 10, 11, 18]. Intermediate categories are made 
mainly by women or youths (street vendors) and exclusively women for urban markets. 
In Mofu and Baka communities some insects are exclusively harvested by men under 
specific conditions [12, 16]. Benefits are determined by the quality of products (fresh-
ness, color, origin and presentation), particularly in town markets [5, 11, 18].
4.2 New trends
With the influence of the mainstream food systems, processing and labeling 
edible insects are sectors for new food ventures [15, 17]. The type and flavors of 
spices make the difference for some conserved or already processed items [10]. Fast 
communication is now harnessing the pickup of technologies and making edible 
insects’ as a potential popularized food item [1, 2, 6].
5. From harvesting to farming
Insect production for human consumption started very humbly under a group 
of researchers from Gembloux—Belgium [2]. Preliminary findings in artificial 
production of palm weevil larvae are promising [19]. Massive palm grub production 
is in pilot stages with some important success [19–23]. Substrates and microclimate 
conditions have been mastered and trials already done under farmers’ conditions 
[22]. The investment for edible insects’ production is balanced with substantial 
income attached and also to environmental health.
6. Some aspects of nutrition and food safety
If supposed nutritional factors with food habits have factored much entomoph-
agy in Cameroon like in other places, some field experiences are giving evidence 
[1, 6, 19, 24]. Science communication and access are making consumers more 
attracted by appealing presentation of edible insects’ nutrition facts. Palm weevil 
larvae has been largely studies [25] and results are opening avenues for other larvae 
consumption [26]. Entomophagy is then no more a fancy or traditional habit, 
but a real response to nutritional insecurity [27, 28]. Food safety in edible insects 
encompasses both endogenous and environmental factors. Chemical analyses have 
shown that some insects need special care before their consumption, like Zonocerus 
variegatus, because of its gut contents [29]. Under agrochemical pollution, natural 
harvesting is no safer as highlighted by some consumers in Cameroon suffering of 
indigestion [11, 24]. Pesticides are contaminants becoming a potential problem for 
consumers of in Cameroon western highlands [30].
7. Perspectives about policies and research gaps
Insects’ consumption even popular or popularized is not yet legal in 
Cameroon context [30] because of insufficient policies. Most of gathered food 
in nature in Cameroon is not yet under strict safety regulation which may bring 
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serious public health issues in case of hazardous products. While insects’ farm-
ing and trade are gaining population attention, research and other influencers 
should in connivance with other international bodies invest in the domain. 
Vocational and higher education systems should also embrace genuinely the 
trends by crafting appropriate curricula and learn from learning by doing 
experiences. Mofu community has a wide range of knowledge on insects in their 
environment [31]. Indigenous knowledge built for centuries could speak a lot to 
research and policy today for better future of better human nutrition security, 
adapted to the context of biodiversity depletion [32]. From old, new can grow, 
new roads from within to many other places where collaboration are opened. 
The International Centre of Insect Physiology and Ecology (ICIPE) is already 
theorizing interesting and promising channels, and some in Cameroon about 
insects’ domestication.
8. Conclusion
Insects’ consumption in Cameroon is a reality for ages. Its biodiversity is very 
rich and massively exploited diversely. There are large numbers of species, exploited 
for food and other reasons. Urbanization and communication facilities coupled to 
food systems unification are favoring the migration of habits across generations 
and regions. Besides nutritive values at home level, edible insects provide income, 
jobs and potential enterprises, both for economic, scientific and cultural impacts 
in Cameroon society. There are gaps that make excellent avenues for innovative 
approaches in insects research. On the food safety aspects, risks analyses regarding 
natural or secondary toxicity of consumed insects should be undertaken. Edible 
insects’ value chain could be made also stronger is legal framework is well designed 
and implemented. There are needs to train Veterinarians and others on harvesting 
methods as well as processing and packaging, which could yield norms. These could 
mainstream numerous affordable insects within animal proteins food systems and 
improve nutrition security and income generation at many extents. Some indig-
enous habits and skills (related to products’ properties and bioecology) should be 
well studied and not regarded as lower knowledge. Many communities practices 
could be excellent avenues for future, wider than food security alone. Edible insects’ 
research and policy need to be strengthened locally with the existing findings 
already uncovered.
Acknowledgements
We are thankful to authors, namely, Dr. Le Gall, Dr. Muafor and M. Gnetegha for 
providing their research findings and/or comments to blend the current synthesis.
Conflict of interest
The author declares to have not “conflict of interest.”
43




Faculty of Agronomy and Agricultural Sciences, Department of Animal 
Production, University of Dschang, Dschang, Cameroon
*Address all correspondence to: fmeutchieye@gmail.com
© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
Edible Insects
42
serious public health issues in case of hazardous products. While insects’ farm-
ing and trade are gaining population attention, research and other influencers 
should in connivance with other international bodies invest in the domain. 
Vocational and higher education systems should also embrace genuinely the 
trends by crafting appropriate curricula and learn from learning by doing 
experiences. Mofu community has a wide range of knowledge on insects in their 
environment [31]. Indigenous knowledge built for centuries could speak a lot to 
research and policy today for better future of better human nutrition security, 
adapted to the context of biodiversity depletion [32]. From old, new can grow, 
new roads from within to many other places where collaboration are opened. 
The International Centre of Insect Physiology and Ecology (ICIPE) is already 
theorizing interesting and promising channels, and some in Cameroon about 
insects’ domestication.
8. Conclusion
Insects’ consumption in Cameroon is a reality for ages. Its biodiversity is very 
rich and massively exploited diversely. There are large numbers of species, exploited 
for food and other reasons. Urbanization and communication facilities coupled to 
food systems unification are favoring the migration of habits across generations 
and regions. Besides nutritive values at home level, edible insects provide income, 
jobs and potential enterprises, both for economic, scientific and cultural impacts 
in Cameroon society. There are gaps that make excellent avenues for innovative 
approaches in insects research. On the food safety aspects, risks analyses regarding 
natural or secondary toxicity of consumed insects should be undertaken. Edible 
insects’ value chain could be made also stronger is legal framework is well designed 
and implemented. There are needs to train Veterinarians and others on harvesting 
methods as well as processing and packaging, which could yield norms. These could 
mainstream numerous affordable insects within animal proteins food systems and 
improve nutrition security and income generation at many extents. Some indig-
enous habits and skills (related to products’ properties and bioecology) should be 
well studied and not regarded as lower knowledge. Many communities practices 
could be excellent avenues for future, wider than food security alone. Edible insects’ 
research and policy need to be strengthened locally with the existing findings 
already uncovered.
Acknowledgements
We are thankful to authors, namely, Dr. Le Gall, Dr. Muafor and M. Gnetegha for 
providing their research findings and/or comments to blend the current synthesis.
Conflict of interest
The author declares to have not “conflict of interest.”
43




Faculty of Agronomy and Agricultural Sciences, Department of Animal 
Production, University of Dschang, Dschang, Cameroon
*Address all correspondence to: fmeutchieye@gmail.com
© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
44
Edible Insects
[1] van Huis A, Van Itterbeeck J, Klunder 
H, Mertens E, Halloran A, Muir G, et al. 
Edible Insects: Future Prospects for 
Food and Feed Security. Fao Forestry 
Paper 171. Rome: FAO. 2013. p. 188
[2] Hardouin J. Production d’insectes à 
des fins économiques ou alimentaires: 
Mini-élevage et BEDIM. Notes 
fauniques de Gembloux. 2003;50:15-25
[3] Niassy S, Affognon HD, Fiaboe KKM, 
Akutse KS, Tanga CM, Ekesi S. Some 
key elements on entomophagy in Africa: 
Culture, gender and belief. Journal of 
Insects as Food and Feed. 2016;2(3): 
139-144. DOI: 10.3920/JIFF2015.0084
[4] Niassy S, Ekesi S. Contribution to 
the knowledge of entomophagy in 
Africa. Journal of Insects as Food and 
Feed. 2016;2(3):137-138. DOI: 10.3920/
JIFF2016.x003
[5] Balinga MP, Mapunzu PM, Moussa 
J-P, N’gasse G. Contribution des insectes 
de la forêt à la sécurité alimentaire, 
l’exemple des chenilles d’Afrique 
centrale. In: Produits forestiers non 
ligneux Document de Travail No. 1; 
FAO. 2004. p. 107. Available from: http://
www.fao.org/forestry/site/6367/en
[6] Bize V. Les insectes, une resource 
alimentaire d’avenir? Insectes. 
1997;3(106):11-13
[7] Vantomme P. Les insectes forestiers 
comestibles, un apport protéique 
négligé. Unasylva. 2010;61(236):19-21
[8] Schabel HG. Forests insects as food: 
A global review. In: Proceedings of a 
Workshop on Asia-Pacific Resources 
and Their Potential for Development 
(Forest Insects as Food: Humans Bite 
Back); 19-21 February 2008; Chiang 
Mai, Thailand. 2010. pp. 37-64
[9] Johnson DV. The contribution 
of edible forest insects to human 
nutrition and to forest management: 
Current status and future potential. In: 
Proceedings of a Workshop on Asia-
Pacific Resources and Their Potential for 
Development (Forest Insects as Food: 
Humans Bite Back); 19-21 February 
2008; Chiang Mai, Thailand. 2010. 
pp. 5-22
[10] Miantsa FO, Meutchieye F, 
Tanebang C. Diversité et Répartition 
des Insectes Comestibles au Cameroun. 
Saarbrucken: Editions Universitaires 
Européennes; 2016. p. 56. ISSN: 
978-3-639-48385-7
[11] Meutchieye F, Tsafo KE, Niassy S.  
Inventory of edible insects and their 
harvesting methods in the Cameroon 
Centre region. Journal of Insects as 
Food and Feed. 2016;2(3):145-152. DOI: 
10.3920/JIFF2015.0082
[12] Cloutier J, editor. Insectes 
Comestibles en Afrique: Introduction à 
la Collecte, au Mode de Préparation et à 
la Consommation des Insectes (Agrodok 
54). 1st ed. Wageningen: Fondation 
Agromisa et CTA; 2015. p. 81. ISBN 
Agromisa: 978-90-8573-147-4; ISBN 
CTA: 978-92-9081-578-5
[13] Muafor FJ, Angwafo TS, Le 
Gall P. Biodiversité des insectes de 
la ligne volcanique du Cameroun: 
Distribution altitudinale d’une 
famille de Coléoptères. Entomologie 
faunistique—Faunistic Entomology. 
2011;63(3):195-197
[14] Tsafo KEC, Meutchieye F, 
Manjeli Y. Exploitation alimentaire et 
nutritionnelle des insectes comestibles 
en zone forestière du Centre Cameroun. 
Sciences naturelles et agronomie. 
2016;2:245-254. ISSN 1011-6028
[15] Muafor FJ. Des insectes au menu: 
Les scarabées, friandises croquantes. 




Edible Insects Diversity and Their Importance in Cameroon
DOI: http://dx.doi.org/10.5772/intechopen.88109
[16] Seignobos C. Des insectes au menu: 
Les maîtres des termites. Sciences au 
Sud—Le journal de l’IRD. 2012;63:8
[17] Tabuna H. Des insectes au menu: 
De l’économie de ramassage à l’agro-
industrie. Sciences au Sud—Le journal 
de l’IRD. 2012;63:8
[18] Meutchieye F, Niassy S. Preliminary 
observations on the commercialisation 
of Rynchophorus phoenicis larvae 
at Mvog-Mbi market in Yaoundé, 
Cameroon. Journal of Insects as Food 
and Feed. 2016;2(3):199-202. DOI: 
10.3920/JIFF2015.0081
[19] Muafor FJ, Gnetegha AA, Le Gall P,  
Levang P. Palm weevil farming 
contributing to food security in sub-
Saharan Africa. In: van Huis A,  
Tomberli JK, editors. Insects as 
Food and Feed, from Production to 
Consumption. Wageningen Academic 
Publishers: Wageningen; 2017. DOI: 
10.3920/JIFF2018.x003 73
[20] Ebenebe CI, Okpoko VO, Ufele AN,  
Amobi MI. Survivability, growth 
performance and nutrient composition 
of the African palm weevil (Rhyncophorus 
phoenicis Fabricius) reared on four 
different substrates. Journal of 
Bioscience and Biotechnology Discovery. 
2017;2:1-9. Article Number: JBBD-
28.09.16-018. Available from: www.
integrityresjournals.org/jbbd/index.html
[21] Quayea B, Atuaheneb CC, 
Donkohc A, Adjeid BM, Opokue O, 
Amankrahf MA. Alternative feed 
resource for growing African palm 
weevil (Rhynchophorus phoenicis) 
larvae in commercial production. 
American Scientific Research Journal of 
Engineering, Technology, and Sciences 
(ASRJETS). 2018;48(1):36-44
[22] Fogang Mba AR, Kansci G, Viau M, 
Ribourg L, Muafor FJ, Hafnaoui N, et al. 
Growing conditions and morphotypes 
of African palm weevil (Rhynchophorus 
phoenicis) larvae influence their 
lipophilic nutrient but not their amino 
acid compositions. Journal of Food 
Composition and Analysis. 2018;69: 
87-97. DOI: 10.1016/j.jfca.2018.02.012
[23] Monzenga Lokela JC, Le Goff GJ,  
Kayisu K, Hance T. Influence of 
substrates on the rearing success of 
Rhynchophorus phoenicis (Fabricius). 
African Journal of Food Science and 
Technology. 2017;8(1):7-13. DOI: 
10.14303/ajfst.2015.065
[24] Meutchieye F, Tsafo KE, 
Mekongo Fombod UC, Niassy 
S. La consommation d’insectes 
comme stratégie d’atténuation de la 
malnutrition: Expériences de la région 
du Centre Cameroun. AGRIDAPE 
Revue sur l’Agriculture durable à faibles 
apports externes. 2014;30(4):13-14
[25] Fogang Mba AR, Kansci G, Viau M, 
Hafnaoui N, Meyneier A, Demmano G,  
et al. Lipid and amino acid profiles 
support the potential of Rhynchophorus 
phoenicis larvae for human nutrition. 
Journal of Food Composition and 
Analysis. 2017;60:64-73. DOI: 10.1016/j.
jfca.2017.03.016
[26] Dounias E. Des insectes au menu: 
Vous prendrez bien une petite larve? 
Sciences au Sud—Le journal de l’IRD. 
2012;63:9
[27] Le Gall P. Des insectes au menu: 
Entomophagie en Afrique. Sciences au 
Sud—Le journal de l’IRD. 2012;63:7
[28] Muafor FJ, Gnetegha AA, Le Gall P,  
Levang P. Exploitation, Trade and 
Farming of Palm Weevil Grubs in 
Cameroon. Working Paper 178. Bogor, 
Indonesia: CIFOR; 2015. DOI: 10.17528/
cifor/005626
[29] Ehigie LO, Okonji RE, Ehigie AF.  
Biochemical properties of thiaminase, a 
toxic enzyme in the gut of grasshoppers 
(Zonocerus variegatus Linn). Cameroon 




[1] van Huis A, Van Itterbeeck J, Klunder 
H, Mertens E, Halloran A, Muir G, et al. 
Edible Insects: Future Prospects for 
Food and Feed Security. Fao Forestry 
Paper 171. Rome: FAO. 2013. p. 188
[2] Hardouin J. Production d’insectes à 
des fins économiques ou alimentaires: 
Mini-élevage et BEDIM. Notes 
fauniques de Gembloux. 2003;50:15-25
[3] Niassy S, Affognon HD, Fiaboe KKM, 
Akutse KS, Tanga CM, Ekesi S. Some 
key elements on entomophagy in Africa: 
Culture, gender and belief. Journal of 
Insects as Food and Feed. 2016;2(3): 
139-144. DOI: 10.3920/JIFF2015.0084
[4] Niassy S, Ekesi S. Contribution to 
the knowledge of entomophagy in 
Africa. Journal of Insects as Food and 
Feed. 2016;2(3):137-138. DOI: 10.3920/
JIFF2016.x003
[5] Balinga MP, Mapunzu PM, Moussa 
J-P, N’gasse G. Contribution des insectes 
de la forêt à la sécurité alimentaire, 
l’exemple des chenilles d’Afrique 
centrale. In: Produits forestiers non 
ligneux Document de Travail No. 1; 
FAO. 2004. p. 107. Available from: http://
www.fao.org/forestry/site/6367/en
[6] Bize V. Les insectes, une resource 
alimentaire d’avenir? Insectes. 
1997;3(106):11-13
[7] Vantomme P. Les insectes forestiers 
comestibles, un apport protéique 
négligé. Unasylva. 2010;61(236):19-21
[8] Schabel HG. Forests insects as food: 
A global review. In: Proceedings of a 
Workshop on Asia-Pacific Resources 
and Their Potential for Development 
(Forest Insects as Food: Humans Bite 
Back); 19-21 February 2008; Chiang 
Mai, Thailand. 2010. pp. 37-64
[9] Johnson DV. The contribution 
of edible forest insects to human 
nutrition and to forest management: 
Current status and future potential. In: 
Proceedings of a Workshop on Asia-
Pacific Resources and Their Potential for 
Development (Forest Insects as Food: 
Humans Bite Back); 19-21 February 
2008; Chiang Mai, Thailand. 2010. 
pp. 5-22
[10] Miantsa FO, Meutchieye F, 
Tanebang C. Diversité et Répartition 
des Insectes Comestibles au Cameroun. 
Saarbrucken: Editions Universitaires 
Européennes; 2016. p. 56. ISSN: 
978-3-639-48385-7
[11] Meutchieye F, Tsafo KE, Niassy S.  
Inventory of edible insects and their 
harvesting methods in the Cameroon 
Centre region. Journal of Insects as 
Food and Feed. 2016;2(3):145-152. DOI: 
10.3920/JIFF2015.0082
[12] Cloutier J, editor. Insectes 
Comestibles en Afrique: Introduction à 
la Collecte, au Mode de Préparation et à 
la Consommation des Insectes (Agrodok 
54). 1st ed. Wageningen: Fondation 
Agromisa et CTA; 2015. p. 81. ISBN 
Agromisa: 978-90-8573-147-4; ISBN 
CTA: 978-92-9081-578-5
[13] Muafor FJ, Angwafo TS, Le 
Gall P. Biodiversité des insectes de 
la ligne volcanique du Cameroun: 
Distribution altitudinale d’une 
famille de Coléoptères. Entomologie 
faunistique—Faunistic Entomology. 
2011;63(3):195-197
[14] Tsafo KEC, Meutchieye F, 
Manjeli Y. Exploitation alimentaire et 
nutritionnelle des insectes comestibles 
en zone forestière du Centre Cameroun. 
Sciences naturelles et agronomie. 
2016;2:245-254. ISSN 1011-6028
[15] Muafor FJ. Des insectes au menu: 
Les scarabées, friandises croquantes. 




Edible Insects Diversity and Their Importance in Cameroon
DOI: http://dx.doi.org/10.5772/intechopen.88109
[16] Seignobos C. Des insectes au menu: 
Les maîtres des termites. Sciences au 
Sud—Le journal de l’IRD. 2012;63:8
[17] Tabuna H. Des insectes au menu: 
De l’économie de ramassage à l’agro-
industrie. Sciences au Sud—Le journal 
de l’IRD. 2012;63:8
[18] Meutchieye F, Niassy S. Preliminary 
observations on the commercialisation 
of Rynchophorus phoenicis larvae 
at Mvog-Mbi market in Yaoundé, 
Cameroon. Journal of Insects as Food 
and Feed. 2016;2(3):199-202. DOI: 
10.3920/JIFF2015.0081
[19] Muafor FJ, Gnetegha AA, Le Gall P,  
Levang P. Palm weevil farming 
contributing to food security in sub-
Saharan Africa. In: van Huis A,  
Tomberli JK, editors. Insects as 
Food and Feed, from Production to 
Consumption. Wageningen Academic 
Publishers: Wageningen; 2017. DOI: 
10.3920/JIFF2018.x003 73
[20] Ebenebe CI, Okpoko VO, Ufele AN,  
Amobi MI. Survivability, growth 
performance and nutrient composition 
of the African palm weevil (Rhyncophorus 
phoenicis Fabricius) reared on four 
different substrates. Journal of 
Bioscience and Biotechnology Discovery. 
2017;2:1-9. Article Number: JBBD-
28.09.16-018. Available from: www.
integrityresjournals.org/jbbd/index.html
[21] Quayea B, Atuaheneb CC, 
Donkohc A, Adjeid BM, Opokue O, 
Amankrahf MA. Alternative feed 
resource for growing African palm 
weevil (Rhynchophorus phoenicis) 
larvae in commercial production. 
American Scientific Research Journal of 
Engineering, Technology, and Sciences 
(ASRJETS). 2018;48(1):36-44
[22] Fogang Mba AR, Kansci G, Viau M, 
Ribourg L, Muafor FJ, Hafnaoui N, et al. 
Growing conditions and morphotypes 
of African palm weevil (Rhynchophorus 
phoenicis) larvae influence their 
lipophilic nutrient but not their amino 
acid compositions. Journal of Food 
Composition and Analysis. 2018;69: 
87-97. DOI: 10.1016/j.jfca.2018.02.012
[23] Monzenga Lokela JC, Le Goff GJ,  
Kayisu K, Hance T. Influence of 
substrates on the rearing success of 
Rhynchophorus phoenicis (Fabricius). 
African Journal of Food Science and 
Technology. 2017;8(1):7-13. DOI: 
10.14303/ajfst.2015.065
[24] Meutchieye F, Tsafo KE, 
Mekongo Fombod UC, Niassy 
S. La consommation d’insectes 
comme stratégie d’atténuation de la 
malnutrition: Expériences de la région 
du Centre Cameroun. AGRIDAPE 
Revue sur l’Agriculture durable à faibles 
apports externes. 2014;30(4):13-14
[25] Fogang Mba AR, Kansci G, Viau M, 
Hafnaoui N, Meyneier A, Demmano G,  
et al. Lipid and amino acid profiles 
support the potential of Rhynchophorus 
phoenicis larvae for human nutrition. 
Journal of Food Composition and 
Analysis. 2017;60:64-73. DOI: 10.1016/j.
jfca.2017.03.016
[26] Dounias E. Des insectes au menu: 
Vous prendrez bien une petite larve? 
Sciences au Sud—Le journal de l’IRD. 
2012;63:9
[27] Le Gall P. Des insectes au menu: 
Entomophagie en Afrique. Sciences au 
Sud—Le journal de l’IRD. 2012;63:7
[28] Muafor FJ, Gnetegha AA, Le Gall P,  
Levang P. Exploitation, Trade and 
Farming of Palm Weevil Grubs in 
Cameroon. Working Paper 178. Bogor, 
Indonesia: CIFOR; 2015. DOI: 10.17528/
cifor/005626
[29] Ehigie LO, Okonji RE, Ehigie AF.  
Biochemical properties of thiaminase, a 
toxic enzyme in the gut of grasshoppers 
(Zonocerus variegatus Linn). Cameroon 




[30] Miantsia FO, Meutchieye F, 
Niassy S. Relationship between new 
farming practices and chemical use 
and the consumption of giant cricket 
(Brachytrupes membranaceus Drury, 
1770). Journal of Insects as Food and 
Feed. 2018;4(4):295-300. DOI: 10.3920/
JIFF2018.0010. ISSN 2352-4588 Online
[31] Seignobos C, Deguine J-P, Aberlenc 
H-P. Les Mofu et leurs insectes. 
Journal d’Agriculture Traditionnelle 
et de Botanique Appliquée. 
1996;36(2):125-187
[32] Niassy S, Fiaboe KKM, Affognon 
HD, Akutse KS, Tanga CM, Ekesi S.  
African indigenous knowledge on 
edible insects to guide research and 
policy. Journal of Insects as Food and 




Econometrics of Domestication 
of the African Palm Weevil 
(Rhynchophorus phoenicis F.)  
Production as Small-Scale 
Business in Ghana
Thomas Commander N., Jacob P. Anankware,  
Onwugbuta O. Royal and Daniel Obeng-Ofori
Abstract
A reconnaissance survey of the domestication of the African palm weevil 
(APW) (Rhynchophorus phoenicis), which produces the edible larvae that are 
cherished as a delicacy among many tribes in Ghana, was conducted. Out of a total 
number of 560 semi-trained farmers, 271 (48.39%) were actively engaged in R. 
phoenicis farming near their homes or gardens, while 289 (51.61%) were non-active. 
Economic viability analyses showed that the active farmers would break even and 
repay their loans of GH¢1000 when they produce 3020 larvae at unit selling price 
of GH¢0.33, within a period of 4 months and 7 days (17 weeks). In a year, a farmer 
would have three production cycles and generate a total revenue of GH¢3018.79, 
at average monthly production of 755 edible larvae, net cash availability of 
GH¢1448.79, and projected net profit of GH¢448.79 in the first year of production. 
The farmer would make more profit and become wealthy in business in subsequent 
years. The pilot scheme of palm weevil farming was viable and ameliorated poverty 
and malnutrition of rural farmers in Ghana.
Keywords: African palm weevil (Rhynchophorus phoenicis), larvae, domestication, 
farming, revenue
1. Introduction
The practice of eating insects as food by humans is human entomophagy [1]. 
Although this is traced to the biblical literature, nevertheless, eating of insects by 
humans had been a taboo in many western nations [2]. Insect farming and ento-
mophagy has developed fast to emerge as a strong economic contributor in recent 
times. It is estimated that insect eating is practiced regularly by over 2 billion 
people worldwide [3]. In most tropical countries like Nigeria, Ghana, Cameroon, 
Congo, Angola, and South Africa, the utilization of insect species as food has been 
reported [4]. The world population is expected to be above 9.2 billion people, add-
ing more than 2 billion to an already crowded planet earth in 2050 [5].  
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1. Introduction
The practice of eating insects as food by humans is human entomophagy [1]. 
Although this is traced to the biblical literature, nevertheless, eating of insects by 
humans had been a taboo in many western nations [2]. Insect farming and ento-
mophagy has developed fast to emerge as a strong economic contributor in recent 
times. It is estimated that insect eating is practiced regularly by over 2 billion 
people worldwide [3]. In most tropical countries like Nigeria, Ghana, Cameroon, 
Congo, Angola, and South Africa, the utilization of insect species as food has been 
reported [4]. The world population is expected to be above 9.2 billion people, add-
ing more than 2 billion to an already crowded planet earth in 2050 [5].  
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The Food and Agriculture Organization (FAO) estimates about 1.2 billion are 
suffering from chronic hunger globally. Therefore, the major challenge is achiev-
ing global food security including the hungry populace by 2050 [5]. Meeting this 
massive additional demand for food will require concerted actions on a number 
of fronts including focusing on increasing the production and consumption of 
underutilized and underappreciated natural food resources such as insects [3]. 
Edible insects constitute about 80% of the animal kingdom [6–8]. This has high 
potentials of contributing to food and nutrition security globally. Another aspect 
is to increase the promotion and consumption of other foods which have been 
constrained by production; processing and trade laws and challenges are to be con-
sidered. Although human entomophagy is widely reviled in European and North 
American societies, more than 1900 species of insects have been reported as edible 
by humans in over 112 countries of the world, particularly in Asia, the pacific, 
Africa, Latin America, and Europe [9]. However, the consumption of different 
species of the edible larvae of palm weevils (Rhynchophorus spp.) has been con-
firmed as highly nutritious globally. According to the World Health Organization 
(WHO), every 100 g of palm weevil larvae contains 182 kcal of energy, 6.1% of 
protein, 3.1% of fat, 9.0% of carbohydrates, 4.3 mg of iron, 461 mg of calcium, 
and other important vitamins and minerals [10]. A reconnaissance survey of the 
semi-cultivation (domestication) of African palm weevil (Rhynchophorus phoeni-
cis) assessed the profitability of domesticating the production of edible larvae near 
homes and gardens in Ghana and was undertaken in September to October, 2016. 
Semi-cultivation refers to the domestication of the breeding of African palm wee-
vil (APW) near living homes and gardens for proper management and continuous 
production of the edible larvae all year round. This step has been taken to avert 
the risk of sourcing for the edible larvae from the host plants, raffia palm (Raphia 
hookeri) and oil palm (Elaeis guineensis Jacq.), from the wild, since it has been 
difficult to successfully mass-rear the edible larvae under laboratory conditions, 
for sustainable production for consumption and commercialization of the edible 
larvae throughout the year [11] instead of its sensational availability in Ghana and 
other parts of the world [1].
2. Materials and method
2.1 Study area
The study was conducted in two regions (Ashanti Region and Brong-Ahafo 
Region) in Ghana. Four communities, Bomfa, Asotwe, Doyina, and Amoafo-
Bekwai, were visited in Ashanti Region, while one community, Jema, was visited in 
the Brong-Ahafo Region. The selection of these communities was based on acces-
sibility and availability of the host plants, oil palms (Elaeis guineensis) and raffia 
palms (Raphia hookeri), in Ghana.
2.2 Data collection and training of farmers
Out of a total of 560 trainees, 406 from Ashanti Region and 154 farmers from 
Brong-Ahafo were engaged and trained in a palm weevil larvae production. The 
farmers were interviewed orally and salient data were taken. Questionnaires were 
sent to farmers in some localities which could not be directly accessed. On the 
process of domestication, the rural farmers were taught how to collect adult palm 
weevils from the infested host plants (oil and raffia palms).
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2.3 Breeding activities
The breeding of the palm weevils was carried out in laboratory following 
known methods [12, 13]. The breeding took place in plastic containers where sex 
identification, mating, and oviposition activities were carried out under suitable 
ambient environmental conditions. The captured adult palm weevils were fed with 
portions of the natural host plants (raffia or oil palm stems) which were renewed on 
weekly basis to enable the young larvae develop to food size within 3–4 weeks and 
harvested for sale to consumers. Some final instar larvae were allowed to develop 
to pupal stages and emerged as adults to ensure continuity of adult generations. 
Upon completion of the training, each farmer was given a seed capital of GH¢1000 
(which was equivalent to US$250) to procure the needed infrastructure and com-
mence production by the Aspire Food Group (AFG), an international nongovern-
mental organization (NGO) that initiated the pilot scheme in Ghana. Profitability 
of the business was calculated using break-even point analysis, while cash flow 
statement was obtained by direct method [14]. Figure 1a and b shows the adult 
palm weevil and the larvae, respectively.
3. Results
A total of 560 farmers were trained on palm weevil production across 5 com-
munities in 2 regions of Ghana. Out of which, 271 (48.39%) were active farmers, 
while 289 (51.61%) were non-active farmers (Table 1). Table 2a and b showed the 
various items that constituted the fixed and variable costs estimated at GH¢285 
and GH¢715, respectively. The total number of 500 larvae produced within a cycle 
of production at the unit selling price of GH¢0.3332 (Table 3) yielded total sales 
of GH¢166.6. Table 4 showed the first break-even point of an active farmer who 
produced 3020 edible larvae and sold them to consumers to raise funds to repay 
the loan of GH¢1000. The number of three production cycles which an active palm 
Figure 1. 
(a) Adult (female) of R. phoenicis and (b) edible larvae of R. phoenicis.
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homes and gardens in Ghana and was undertaken in September to October, 2016. 
Semi-cultivation refers to the domestication of the breeding of African palm wee-
vil (APW) near living homes and gardens for proper management and continuous 
production of the edible larvae all year round. This step has been taken to avert 
the risk of sourcing for the edible larvae from the host plants, raffia palm (Raphia 
hookeri) and oil palm (Elaeis guineensis Jacq.), from the wild, since it has been 
difficult to successfully mass-rear the edible larvae under laboratory conditions, 
for sustainable production for consumption and commercialization of the edible 
larvae throughout the year [11] instead of its sensational availability in Ghana and 
other parts of the world [1].
2. Materials and method
2.1 Study area
The study was conducted in two regions (Ashanti Region and Brong-Ahafo 
Region) in Ghana. Four communities, Bomfa, Asotwe, Doyina, and Amoafo-
Bekwai, were visited in Ashanti Region, while one community, Jema, was visited in 
the Brong-Ahafo Region. The selection of these communities was based on acces-
sibility and availability of the host plants, oil palms (Elaeis guineensis) and raffia 
palms (Raphia hookeri), in Ghana.
2.2 Data collection and training of farmers
Out of a total of 560 trainees, 406 from Ashanti Region and 154 farmers from 
Brong-Ahafo were engaged and trained in a palm weevil larvae production. The 
farmers were interviewed orally and salient data were taken. Questionnaires were 
sent to farmers in some localities which could not be directly accessed. On the 
process of domestication, the rural farmers were taught how to collect adult palm 
weevils from the infested host plants (oil and raffia palms).
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2.3 Breeding activities
The breeding of the palm weevils was carried out in laboratory following 
known methods [12, 13]. The breeding took place in plastic containers where sex 
identification, mating, and oviposition activities were carried out under suitable 
ambient environmental conditions. The captured adult palm weevils were fed with 
portions of the natural host plants (raffia or oil palm stems) which were renewed on 
weekly basis to enable the young larvae develop to food size within 3–4 weeks and 
harvested for sale to consumers. Some final instar larvae were allowed to develop 
to pupal stages and emerged as adults to ensure continuity of adult generations. 
Upon completion of the training, each farmer was given a seed capital of GH¢1000 
(which was equivalent to US$250) to procure the needed infrastructure and com-
mence production by the Aspire Food Group (AFG), an international nongovern-
mental organization (NGO) that initiated the pilot scheme in Ghana. Profitability 
of the business was calculated using break-even point analysis, while cash flow 
statement was obtained by direct method [14]. Figure 1a and b shows the adult 
palm weevil and the larvae, respectively.
3. Results
A total of 560 farmers were trained on palm weevil production across 5 com-
munities in 2 regions of Ghana. Out of which, 271 (48.39%) were active farmers, 
while 289 (51.61%) were non-active farmers (Table 1). Table 2a and b showed the 
various items that constituted the fixed and variable costs estimated at GH¢285 
and GH¢715, respectively. The total number of 500 larvae produced within a cycle 
of production at the unit selling price of GH¢0.3332 (Table 3) yielded total sales 
of GH¢166.6. Table 4 showed the first break-even point of an active farmer who 
produced 3020 edible larvae and sold them to consumers to raise funds to repay 
the loan of GH¢1000. The number of three production cycles which an active palm 
Figure 1. 
(a) Adult (female) of R. phoenicis and (b) edible larvae of R. phoenicis.
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weevil farmer would carry out successfully within a year was estimated to generate 
a revenue of GH¢3018.79 (Table 5). The net cash available for the total invest-
ment within the farming year after repayment of the loan value of GH¢1000 was 
estimated to be GH¢1448.79 (Table 6), while the summary of the annual financial 
report showed a net profit of GH¢44.879 with first farming year (Table 7).






Nursery/shield 1 450 450
Plastic containers 10 10 100
Machete 1 35 35
Watering can 3 10 30
Labor/construction of shield nursery — — 100
Total fixed cost (TFC) 715 715
(b) Variable cost
Palm trunk (sup/feed) 100
Local transport per day (21 days) 126
Miscellaneous/sundry 59
Total variable cost (TVC) 285 285
Grand total cost (TFC + TVC) 1000
Table 2. 
Cost of palm weevil production.






1 Southern Ghana 
Ashanti Region
Bomfa 120 20 100
Asotwe 70 65 5
Doyina 200 87 113
Amoafo-Bekwai 70 45 25




Percent 100 48.39 51.61
Table 1. 
Number of trained farmers in palm weevil larvae production in Ghana.
No. of larvae per cycle harvest (21 days) (GH¢) Unit selling price (GH¢) Total sales (GH¢)
1 0.3332 0.3332
(370–500 yield) 500 0.3322 166.6
Table 3. 
Income estimate for a cycle of production.
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Items Variables Outcomes
Selling price (SP) 166.6 —
Variable cost (VC) 285
Contribution (SP-VC) — −118.4
Contribution (C) 118.4 —
Number of larvae (NOL) 500 —
Contribution/larvae (c/NOL) — 0.2368
Fixed cost (FC) 715
Contribution/larvae (C/L) 0.2368
Break-even point nos larvae (FC/CL) — 3020 larvae
Break-even point nos of larvae (BEP) 3020
Unit selling price (USP) 0.3332
Break-even point sales (BEP larvae × USP) — GH¢ 1006.26
Table 4. 
Break-even point in palm weevil farming.
Items Variables Outcomes
Break-even point larvae (BEP larvae) 3020 —
Number of larvae (Nos) 500
Number of cycles to break even (BEP/Nos) — 3.0
Number of cycles to break even 3.0 —
Number of days in a cycle 21 —
Number of days to break even — 126.84
Number of months to break even — 4 months 2 days
Number of months in a year 12
Larvae per month (3020/4) — 755
Annual larvae production (12 × 755) — 9060
Annual revenue (9060 × 0.3332) — GH¢ 3018.79
Table 5. 
Production cycles/annual revenue.
Unit cost (GH¢) Total cost (GH¢)
Operating activities
Cash from customers 3018.79
Operating cost to be paid (285 × 3) (855)
Net cash flow from operating activities — 2163.79
Investing activities
Purchase/construction of fixed assets (715)
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The study has shown that palm weevil farming is profitable and a thriving 
small-scale business in four communities (Bomfa, Asotwe, Doyina and Amoafo-
Bekwai) in the Ashanti Region and Jema community in the Brong-Ahafo Region 
of southern Ghana, where the indigenes were vested with traditional cultivation 
and harvesting of the larvae from host plants in the wild [15]. The survey showed 
that over 48.39% (271) farmers who benefited from the palm weevil larvae breed-
ing training were able to establish, manage, and harvest their larvae at least once 
within 3–4 weeks, while 51.61% (289) farmers were inactive and could not manage 
their palm weevil farms successfully. This is an indication that acquiring training 
for weevil larvae production requires low level of formal education of the trainee. 
This also agrees with earlier reports which stated that income earning from rearing 
and processing of edible insects is generally at subsistent level in Cameroon and 
other African countries [16]. All the actively trained farmers who secured a loan 
of GH¢1000 were able to successfully establish a palm weevil farm and achieved a 
break-even point within 4 months and 7 days (17 weeks). In a cycle of production, 
each farmer could raise a total number of about 3020 larvae at unit selling price of 
GH¢0.332 translating to a total revenue of GH¢1006.26. In all, a farmer will have 
three production cycles and generate a total annual revenue of GH¢3018.79 and 
make a net profit of over GH¢448.79 in the first year of operation and make greater 
profit in subsequent years. Palm weevil larvae are a good source of protein [17] 
and contain polyunsaturated fatty acids such as omega-3 and omega-6 which are 
recommended for diabetic and hypertensive patients with heart disorders [18, 19]. 
Therefore, the harvested larvae formed reliable alternative source of high-quality 
animal protein food for the local communities for healthy living [20]. The breeding 
of palm weevil larvae also provides employment opportunities for youths, women, 
and aged pensioners who have retired from the civil service [15]. Considering the 
high socioeconomic benefits accruing to the farmers, it is recommendable that the 
Unit cost (GH¢) Total cost (GH¢)
Loan repayment (1000)
Net cash flow from financing activities —
Net increase in cash/cash equivalent 1448.79
Net projected profit 448.79
Table 6. 
Cash flow statement for the first year.









Summary of annual financial report of palm weevil farming.
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palm weevil larvae farming be adopted as veritable scheme for economic empower-
ment of rural farmers in tropical African countries. However, the scheme needs to 
be upgraded and supported with more funds by donors to make greater impact by 
training more people and increasing the seed capital for those successfully trained 
to commence the business. Consequently, there is a need to provide funds to sup-
port critical aspects of researches that will lead to mass production of the edible 
larvae of the African palm weevil which have been found to be a “super food” that 
provides acceptable amounts of “macro and micro” nutrients required for enhanc-
ing the longevity of life. Palm weevil production has been a small-scale family-
based business which can translate to a Cooperative Association of Insect Producers 
to attract funding from financial institutions and influence policy-making toward 
their trade and development in rural communities in Africa as advocated by the 
Food and Agriculture Organization (FAO).
5. Conclusion
The domestication of palm weevil currently practiced at small-holder level in 
Ghana is profitable. It is a source of additional income stream of the families, thus 
enhancing the financial capacity of the farmers and improving their socioeconomic 
status. Therefore, international and national agencies of government and nongov-
ernmental organizations (NGOs) associated with poverty alleviation, malnutrition, 
and food security should fund research and development activities, especially 
that funding of the commercial rearing of this important natural food resource is 
inevitable in Africa and, indeed, all over the world.
© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
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An Insect Bad for Agriculture but 
Good for Human Consumption: 
The Case of Rhynchophorus 
palmarum: A Social Science 
Perspective
Rafael Cartay, Vladimir Dimitrov and Michael Feldman
Abstract
This article presents a review of the current state of the art in the study of human 
consumption of insects in the Amazon basin and, in particular, of the larva of the 
beetle Rhynchophorus palmarum which is the insect of greatest consumption by the 
native indigenous communities of the Amazon basin. It includes detailed informa-
tion on cultivation, collection and consumption, as well as the dietary, medicinal 
and symbolic role the Rhynchophorus plays in a variety of Amazonian cultures. 
The article emphasizes aspects related to its role as vector of a plague that damages 
commercial agriculture of palms and some fruit trees, as opposed to its role as a food 
source that constitutes a rich source of protein of high biological value.
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1. Introduction
Insects have attracted the attention of mankind since ancient times for both 
negative and positive reasons. Negative, related to their destructive effects on 
agricultural and industrial crops, causing large economic losses, and their harmful 
effects on human health, causing huge human losses by transmitting diseases such 
as Chagas disease, dengue, malaria, yellow fever, chikungunya, leishmaniasis and 
others. Positive, related to their use as a human food source, of particular impor-
tance to help mitigate, in the medium term, critical cases of food insecurity and 
famine, and feeding other animal organisms [1]. Insects play a key role as regulatory 
elements of terrestrial ecosystems, fundamental in pollination processes, important 
as predictors and bioindicators of environmental changes [2] and to evaluate the 
impacts of fragmentation of plant cover, fire and invasive plants [3, 4]. Insects are 
also used as bioindicators of plant stress [5], elements to enrich the soil [6], acceler-
ate the recycling of detritus [7] and for the biological control of pests [2, 8, 9]. In 
many cultures they are useful as effective popular medicines [10–14], and cutting 
edge medical technology [15]. Insects are highly valued, in many parts of the world, 
as symbols in religious rituals and in other cultural practices [16–21].
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The importance of insects is remarkable from a multidimensional perspective 
related to human culture [22], and especially in relation with biodiversity. Insects 
represent the animal group with the most evolutionary success [22]. They also 
constitute the largest animal biomass on the planet [23], with a higher volume 
than the rest of the animals together ([24], pp. 67–68). Insects have the advan-
tages of abundance (wide geographical distribution and great adaptability), pro-
ductive facility (high reproduction rate, easy handling and cultivation, efficiency 
in food conversion and great potential for internal and external commercializa-
tion) [13, 24–26], and a high nutritional value suitable for human and animal uses 
[13, 25, 27–31]. Insects are, for these reasons, an excellent food alternative for a 
world with a growing human population, which lives in a scenario characterized 
by an inequitable distribution of productive land, employment and income, and 
which faces serious problems in accessing enough quality food for expanding 
populations [11, 30, 32–41].
Around the world, more than 1 million species of insects have been described by 
science, while the existence of 5–10 million more is estimated, yet to be described 
[42], which makes them the group of animals of the greatest diversity on the planet. 
Of the total described, there are, according to the most conservative estimates, 
between 1900 [37, 43] and 2000 species of insects [11], used as food by nearly 3000 
ethnic groups in more than 102 countries [11, 24].
Considering the relationship between the number of edible insect species 
with respect to the total number of insect species, we find that only 0.2% of the 
described species are edible, which represents just 0.033% of the total estimate 
of insect species, described or not. Of the total number of insects, nearly 60,000 
described species live in the Amazon basin. There, the proportion of edible insect 
species, estimated at about 135 species, gives a figure of 0.00225% with respect to 
the total of regional insect species. This means that the percentage of edible insect 
species in the world is negligible (0.2%, of the total described, and 0.033% of the 
estimated total), and even more so in the case of the Amazon (0.00225%).
When examining the taxonomic concentration of the insect species described 
and, in particular, edible insects, we find that, approximately, 74%corresponds to 
four orders: Coleoptera (35%), Diptera (15%), Hymenoptera (12%) and Lepidoptera 
(12%) [44, 45]. There are some insects more consumed than others, individu-
ally, such as certain species of crickets, grasshoppers and locusts, while the most 
consumed in Amazonia are the larvae of the beetles Rhynchophorus palmarum and 
Rhinostomus barbirothis [27, 46, 70]. That preference in consumption varies accord-
ing to areas, and there are notable exceptions. In the Brazilian Amazon, the largest 
portion of the vast Amazon basin, there are about 135 species of edible insects. 
Among them, the most consumed species belong to the order of hymenoptera, 
which include ants, termites, wasps and bees, especially excelling in the consump-
tion of ant species Atta cephalotes and A. sexdens. The same happens in other smaller 
areas of the basin, such as the south of the Colombian Amazon, where some indig-
enous groups like the Andoque, who live in the middle part of the Caquetá River, are 
notable consumers of parasol ants, of the genus Atta [47].
When taking into account the fidelity level of insect consumption in the 
Amazon basin, i.e., the frequency of their use as a dietary component, it is observed 
that only 30 species of insects are frequently consumed, highlighting, among them, 
the consumption of Rhynchophorus palmarum (Rp, hereinafter). Paoletti et al. [46] 
reported a consumption of 6 kg/year/per capita of Rp larvae. As each larva in its 
fresh state weighs between 8 and 12 g, it would imply the consumption of 50 larvae 
per person per month, which is possible. Ramos-Elourdoy and Viejo Montesinos 
[24] point out that the Yanomami indigenous group consumes more than that, in 
addition to other insects (ants, wasps and other larvae) and spider, which is not, 
59
An Insect Bad for Agriculture but Good for Human Consumption: The Case of Rhynchophorus...
DOI: http://dx.doi.org/10.5772/intechopen.87165
strictly speaking, an insect [48]. Beckerman [49] reported similar consumption 
among the Bari of Venezuela. In summary, it can be concluded at this point that, 
although a large percentage of indigenous insects are not consumed in the Amazon 
basin, there is a high consumption of some species, such as Rp, which appears as a 
supplement to the diet in many Amazonian indigenous communities [50], together 
with medicinal uses [51].
The objective of this article is to review the double impact of the larva of 
Rhynchophorus palmarum (Rp), both in its destructive effect on cash crops causing 
significant economic losses, and from the perspective of the valuable benefits it 
provides to the Amazonian indigenous communities by supplementing their diet, 
especially during times when there is a shortage of hunting and fishing production.
2. Methodology
To collect the information needed for this research, which is part of a larger 
investigation, two methods were used. First, the method of in situ observation, 
carried out directly in a number of native indigenous communities of the Peruvian 
Amazon, supplemented by informal interviews with members of these communi-
ties, particularly those located near the cities of Iquitos and Nauta, in the Loreto 
region, during the period from May to July 2015. Several popular regional markets 
were visited, and especially the large market of Bethlehem, to interview small trad-
ers, some informal, who regularly offered products derived from about 20 varieties 
of Amazon palms (parts of the plant: drupe, palmetto or inflorescence of the bud, 
and related insects). This field work included an excursion for the collection of 
edible insects (in particular Suri, Rp), guided by young people of the Yagua ethnic 
group, in the Nanay river basin.
The second method consisted of a neat bibliographic-bibliographical review car-
ried out in two specialized libraries located in the cities of Iquitos: the rich library of 
the Institute of Amazonian Studies of the Peruvian Amazon (IIAP) and the beauti-
ful library of the Center for Theological Studies of the Amazon (CETA) In addition, 
information was collected over several months in libraries in Lima, particularly 
the one from the French Institute of Andean Studies (IFEA) and the Institute of 
Peruvian Studies (IEP). During that time we also interviewed personalities linked to 
different aspects of Amazonian life: the historian and novelist Róger Rumrrill, the 
journalist and novelist Juan Ochoa-López, the chefs Pedro Miguel Schiaffino and 
Pilar Agnini and the anthropologist Alberto Chirif, one of the greatest experts and 
analysts of the Peruvian Amazon from the perspective of the social sciences.
3. Results
The approach to the subject of the investigation can be considered in three parts. 
In the first we describe the Rp, and especially the preferred edible larval state. In the 
second part we describe the behavior of the Rp Coleoptera as a pest, and in particu-
lar as a vector of a nematode that causes serious economic losses to commercial 
agriculture, most notably in the cultivation of African palm and coconut palm, as 
well as some fruit trees. In the third part we address the topic of Rp as an edible 
insect of importance in the diet of the Amazonian indigenous groups, and as an 
alternative to contribute, in the medium and long term, to a solution of the serious 
problems of food insecurity confronting a growing population, without regular 
access to an abundance of other protein-rich foods and that confronts notable food 
shortages now and possible catastrophic shortages in the future.
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3.1 Description of the Rp and its larval stage (form)
The Coleoptera Rp belongs to the order Coleoptera, family Curculionidae, tribe 
Rhynchophorini (see Figure 1). The genus Rhynchophorus is made up of 10 spe-
cies. Of these, three are present in the neotropics: R. cruentatus, R. richeri and R. 
palmarum. The Rp is a widely distributed species in the Neotropics, from southeast 
California and Texas to Bolivia, Peru, Paraguay, Uruguay and Argentina, in an 
altitudinal range from 0 to 1200 m above sea level [52–54].
The Rp coleoptera is known by many common names: cucarrón, cigarrón, weevil, 
palm weevil, casanga, black weevil, and coconut palm weevil. Its larva is called, in the 
Amazonian regions, Suri (Peru), Chontacuro (Ecuador), Gualpa (Colombia), Palm 
Worm (Venezuela), apart from the many other names it is given in different parts of the 
Amazon basin: mojojoi, mojomoi, mojotoi, casanga, mukint, mujin, and headworm.
It is a matt black beetle, with a size that varies between 2 and 5 cm. In adult 
state, this coleopter presents sexual diformism, that is, the male is different from 
the female. The female has the beak curved and smooth, and longer than that of the 
male. The male is easily recognized because, in addition, he carries a tuft of mush-
rooms in the dorsal part of the beak. Both male and female show activity both in the 
day and in the night: they are observed in the fallen trunks of the palms during the 
early hours of the morning or at the end of the afternoon, although they are more 
active towards 11 o’clock at night ([55–57], pp. 11–13).
The female lays her cream white eggs, of a size that fluctuates between 1.0 and 
2.5 mm, in palm trunks. It deposits them, in an average of 900 units, in vertical 
position on the soft tissue of the open trunk of the palm, protecting it with a brown 
waxy substance. After 2–4 days, the larvae emerge, without legs and with a body 
length of a little more than 3 mm, slightly curved in the belly. From there it begins 
its development in nine instars, which last between 42 and 62 days, until it reaches 
instar IX, when it becomes a pupa. It then takes 30–45 days for the adult to emerge, 
and from 7 to 11 days to leave the cocoon [55, 58].
The females oviposit in the cuts of the petiolar bases of the palms with wounds 
or rot. There, inside the infected palm, usually near the rotting bud, the insect 
develops, fulfilling its total life cycle until reaching its final form ([58], p. 21), 
depending on the material or substrate on which it feeds (colonized substrate). The 
life cycle ranges from 119 to 231 days, when they are raised in the laboratory [59], 
and under normal conditions, a minimum of 122 days: 3.5 days as eggs, 60.5 days as 
larvae, 16 days as a nymph and 42 days as an adult [24, 60, 61]. The females have an 
oviposition period of up to 43 days. A female can oviposit up to 63 eggs in a day, and 
Figure 1. 
The final form is the edible white larval stage.
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from 697 to 924 during her entire cycle [55, 62–64]. In the final instar, the larva has 
a length of 5–6 cm, and a weight of 12–30 g [65].
The Rp females are attracted by the volatile compounds that emanate from the 
palms with wounds or rot, seeking to feed on their soft tissues. Thirty-one species 
of Rp host plants have been registered, belonging to 12 families. Among them, 
the Palmaceae family predominates with 19 species, mainly Elaies guineensis and 
Cocos nucifera, of great economic importance. Of the 19, there are 11 species of 
Amazonian palms host of the Rp. Among them, Mauritia flexuosa, Maximiliana 
regia, Bactris gasipaes, Oenocarpus bataua, Euterpe oleracea, Astrocaryum huicungo, 
of great importance for human nutrition in the Amazon basin. Of the 11, 3 species 
of palms are very affected: aguaje, morete, muriti or moriche (Mauritia flexuosa), 
ungurahui, ungurahua or seje (Oenocarpus bataua) and cucurito (Maximiliana 
regia) [66]. Rp, a polyphagous insect, also causes damage to fruit trees such as 
papaya, mango, avocado, orange, guava, by feeding on ripe fruits. And, in addi-
tion, on sugarcane, banana, cacao and pineapple. But there is a difference: in these 
plants, Rp produces damage, but does not behave like a pest. It acts like this only in 
the case of palms and sugar cane [55, 54].
3.2 Rp as a plague
Rp is a devastating plague affecting some palms of economic importance that 
constitute commercial plantations such as coconut and oil palms, and of some 
Amazonian palms of great utilitarian interest for native indigenous communities 
([67], pp. 151–156). When Rp is attracted to the wounds and rotting in the stems 
and the bud of the palms, it deposits its eggs in the soft tissues and the tree is 
infected by the nematode Bursaphelenchus cocophilus (Bc, hereinafter), which is the 
main cause of ring syndrome, known as red or small leaf, which has devastated the 
coconut and African palm plantations located in Central and South America.
The Bc nematode is an obligate migratory endoparasite, which lives all of its 
life inside the palm and without multiplying inside the disseminating insects 
[55]. The nematode is acquired by the Rp larva, which acts as its main vector, 
maintaining it through the molts until reaching the adult stage. By leaving the 
diseased palm, it can infect three or four healthy neighboring palms. The combat 
and control campaign is currently done using traps or plastic containers (olfac-
tory scent traps), placing pheromones of synthetic or natural origin to attract the 
insects. The traps are placed in the field at a distance of 1–2 hectares in the most 
infected areas [68, 69].
3.3 Rp as food
In the case of the Amazon basin, the larvae of the Rp and Rhinostomus barbirothis 
beetles are the most consumed [27, 70], although the primacy corresponds, with a 
great advantage, to Rp [46]. It should be noted, however, that this statement is not 
generalizable for all countries in the basin. A very notable exception is Brazil, in 
whose Amazonian region mainly hymenoptera insects (ants, termites, wasps and 
bees) are consumed ([11], p. 423; [47]).
Rp larvae are a source of proteins and fats used in native Amazonian indigenous 
communities to supplement their diet, under normal conditions based on hunt-
ing, fishing and farming. This source of protein could also play a larger role in the 
diet in times of need, as the larva Rp constitutes, as do edible insects in general, a 
protein possibility of high biological value and low cost. It is interesting to note that 
in urban areas of many Amazonian regions, edible insects are freely available. In 
the Iquitos markets, Rp larvae are sold in different presentations: live, cooked and 
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in urban areas of many Amazonian regions, edible insects are freely available. In 
the Iquitos markets, Rp larvae are sold in different presentations: live, cooked and 
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roasted. Vargas et al. ([71], p. 65) pointed out that an average of 3500 units are sold 
there per day, especially on weekends.
Some researchers several decades ago posed the need to value the consumption 
of insects as an excellent food resource, widely used among Amazonian Indians, 
among Mexican rural dwellers and in many Asian and African cultures. These 
authors [15, 72] considered that protein malnutrition among indigenous groups in 
the Amazon was relatively low in the area due to its high consumption of insects, 
fungi, drupes and almonds. That opinion, perhaps a bit exaggerated, can be sus-
tained with some reservations. Riparian natives satisfy their protein needs basically 
with the consumption of fish. Some riparian groups have an average per capita 
consumption of 20–50 kg per year, although in some communities they reach con-
sumption levels close to 200 kg per year. In these conditions, the consumption of 
insects plays a secondary role, complementing the diet, not as a primary component 
but as a necessary complement.
Just as insect consumption has been overestimated in some studies, so in oth-
ers such consumption has been underestimated. Many times indigenous people do 
not recognize this consumption in the food consumption surveys that are applied 
to them. The Indians in the most advanced process of cultural assimilation do not 
declare that consumption because they have learned in the cities that this consump-
tion is considered unpleasant and dirty. This concealment does not occur with indig-
enous groups that are proud of their ethnic identity and boast of such a food practice.
Although not declared openly, the consumption of insects is common throughout 
the Amazon basin. That is evident if one makes a visit to any indigenous community. 
In some native communities of the Loreto region, in the Peruvian Amazon, we 
directly recorded the consumption of nine species of insects belonging to several 
orders, although the most consumed was the Rp, in close correspondence with the 
wide geographic distribution and the abundance of some host plants such as Mauritia 
flexuosa, known as aguaje, because in the low jungle there are huge stands of that palm 
that are known as aguajales ([67], p. 160). The indigenous inhabitants consume the 
larvae fresh, alive, or dead, roasted or fried. In the urban areas of the Amazon they 
are served fried in their own fat, or roasted over a direct fire. This form of prepara-
tion and consumption constitutes an imitation of traditional indigenous preparation. 
The most sophisticated urban chefs offer their product in salad, or wrapped in the 
manner of a Tequeño, or roasting the larvae on a skewer as if it were a Turkish kebab. 
This is the case in the restaurants of Iquitos, in Peru, or Puyo, in Ecuador, or Leticia, 
in Colombia, or in Puerto Ayacucho, in Venezuela. Other cooks have incorporated the 
larva into some typical preparations of the regional cuisine of the Peruvian Amazon. 
We thus have the juane de chonta (palmito), which mixes palmita, tender edible inflo-
rescence of some Amazonian palms, with suris or palm worms [73]. Brewer-Carías 
([74], p. 150) recommends cutting the posterior end of the larva before consuming it 
raw, to reduce its spicy flavor, probably caused by its digestive juices.
Depending on the season, and rising or falling river levels, which changes the 
availability of food in the jungle by affecting the relative productivity of hunting 
and fishing, recollection is used to augment these primary sources. This activity 
includes wild fruits, drupes of palm trees, fungi, mollusks, small terrestrial animals 
such as amphibians, and edible insects. The consumption of these insects is very 
important during some times of the year. Paoletti et al. [46], based on studies by 
Ramos-Elourdoy and Viejo Montesinos [24], using various sources, recorded much 
higher consumption among the Yanomami, an indigenous group that inhabits the 
Venezuela-Brazil border, during particular seasons.
The nutritional value of edible insects is sufficiently proven by numerous 
laboratory studies. The protein content of edible insects varies between 30 and 
40%: from 30% for wood larva to 80% in the wasp Polybia sp. [75], which equals, 
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and even exceeds, the values obtained for different types of meat, typically rang-
ing between 40 and 75%. In the specific case of the larva Rp, the protein content 
is 76%, clearly higher than that of beef, which is 50–57%. Something similar can 
be observed in the fat content of protein sources. In meats this ranges from 17% in 
fish, to 19% in beef. In the case of the larva of the coleoptera, this value oscillates 
between 21 and 54%, presenting, in addition, a better composition. The skin, in 
particular, is rich in oils. These are fatty oils of the unsaturated type: linoleic, lino-
lenic and other polyunsaturated fats [31, 39, 43, 65, 71, 76–78]. Regarding the total 
caloric value, the Coleopterous larvae have caloric values around 560 kcal/100 g, 
higher than the 430 kcal/100 g of beef [11].
The protein of animal origin is important for its high biological value, which 
depends on the number and variety of essential amino acids in its content, and 
its digestibility or ease of assimilation by the human body. The biological value 
of the protein corresponds to the proportion of protein absorbed and used by the 
organism. To be used most efficiently, protein is required to have all the essential 
amino acids in the right proportions. This happens with foods of animal origin 
such as milk and meat. The protein of edible insects is also of high biological value, 
similar to that of meats, with a triple advantage over them: it has a lower relative 
price, is easier to digest and is healthier because it does not have cholesterol [79]. In 
addition, if a protein of high biological value, such as insects or meat, is consumed 
and combined with another of lower biological value, such as cassava or plantain, 
the foods complement each other, and the biological value of the resulting dishes 
increases. However, the consumption of insects’ greatest importance for the conser-
vation of the environment lies in the fact that it has a better efficiency index for the 
conversion of food into biomass.
The value of an animal as a source of nutrients depends mainly on its nutritional 
contribution and on the efficiency with which this animal converts the food con-
sumed into biomass [75, 80]. In this respect, the animal that gains the most weight for 
each gram of food consumed is more efficient. To obtain 1 kg of beef, 13 kg of food is 
needed. For chicken, the most efficient among the commonly consumed animals, 6 kg 
is required. On the other hand, only 2 kg are needed for insects, showing a high rate of 
conversion efficiency. For Costa-Neto [81] and Krajick [75], insects are more efficient 
in relative terms than other animals, because they are invertebrate, cold-blooded 
animals. The disadvantage they present is that their consumption is seasonal and their 
production is not currently significant in terms of volume sufficient to supply the 
potential market. This situation can be reversed, and we are beginning to see large-
scale cultivation in some countries of the world, such as Thailand, Mexico and Spain.
Recollection of insects is an activity carried out by the far majority of 
Amazonian indigenous communities. To analyze its cultural dynamics and dietary 
contribution, it is necessary to understand the changes produced in the larva. The 
timing of the Rp instar stages are important to determine the period of collection 
in the jungle, behavior that the natives know perfectly and transmit as ancestral 
knowledge, ethnoetology as it is called by Posey [48]. To be collected, the instar 
must be at least 1 week old since its incubation period, to ensure that it is a viable 
larvae, that it has reached a major stage in its evolution, with a weight close to 12 g, 
that it is as fat as a finger and has a color between cream and brown. Guzmán-
Mendoza [18] points out that it is important to distinguish the onset of the larval 
stage in order to consider a larvae as food. The ideal conditions occur after about 
2 months of life, after the period of infestation has occurred, which does not always 
occur immediately after the cutting of the palm. There are periods more favorable 
than others to infest the downed logs. Ramos-Elourdoy et al. [82] point out that the 
period of greatest infestation occurs, in the Amazon basin, between August and 
October, depending on the environmental zones and the rainy season, during which 
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contribution, it is necessary to understand the changes produced in the larva. The 
timing of the Rp instar stages are important to determine the period of collection 
in the jungle, behavior that the natives know perfectly and transmit as ancestral 
knowledge, ethnoetology as it is called by Posey [48]. To be collected, the instar 
must be at least 1 week old since its incubation period, to ensure that it is a viable 
larvae, that it has reached a major stage in its evolution, with a weight close to 12 g, 
that it is as fat as a finger and has a color between cream and brown. Guzmán-
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stage in order to consider a larvae as food. The ideal conditions occur after about 
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stem rot accelerates, making the trunk softer and propitiating the perforation by the 
insect. This can occur naturally or be induced by humans.
When human action intervenes, the collecting activity goes much further, becom-
ing in practice a work of cultivation or protoculture, as Ramos-Elourdoy and Viejo 
Montesinos [24] called it. In this case, the indigenous person fells the palm, and in 
the downed trunk makes an incision approximately 10 cm × 10 cm, leaving a mark to 
identify the place. Two months later he or she returns to the site, knowing what to look 
for and where to look [83]. The collector comes back this time with an ax and a con-
tainer to collect the larvae. He or she then opens the bark of the trunk with the ax, and 
extracts 30–40 larvae each time, part of the harvest of a day. A whole palm tree can 
produce over 500 larvae. Then, the collector takes the larvae home to consume with 
the family. The period of greatest collection goes, in the Peruvian Amazon, from July 
to October, both in the Lower and Upper Amazonian basin. Depending on the season, 
the identity of the collectors changes. If it is a hunting or fishing season, and men are 
absent from the community, women and children are responsible for the collection.
The “cultivation” or “proto-culture” of Rp is not a simple task. Araujo and Becerra 
[27] and Arango-Gutiérrez [84] point out that the Yekuana and Piaroa ethnic groups, 
from the Venezuelan Amazon, induce and promote the breeding of Rp, a highly 
esteemed insect in their culture, to which they attribute great food virtues. They collect 
the larvae from the fallen palm trunks and transport them to their homes, where they 
are fed with pieces of soft plant tissues from selected palm trunks. For this purpose 
they prefer tissues of the seje palm (Jessenia bataua), arguing that, when consumed, 
they give the larvae a better flavor. For the “cultivation” of the Rp, they intentionally 
chop healthy palms, section their trunks longitudinally to attract and concentrate a 
greater number of infesting individuals on the food source, favoring copulation and 
oviposition. After a lapse of 35–45 days, they harvest the larvae and consume them, 
simmering them until they are crispy. Bukkens [76] notes that the collection is planned 
and highly predictable relative to initiating the infestation of the downed trunk.
Neto and Ramos-Elourdoy ([11], p. 430) point out that the collection of edible 
insects depends on four factors: food restrictions and taboos, traditional customs, 
personal taste or taste preference of the group and the search for food security 
to guarantee survival. Another factor could be added: seasonality, because in the 
rainy season the process of insect infestation is accelerated. These authors also 
argue, together with Miller [85], that the use of an insect as food is related to four 
variables: the environment, the availability and accessibility of insects, the mode 
of production and the forms of reproduction of the insect and culture and food 
restrictions. In several native communities the collection and cultivation of insects 
corresponds to indigenous women and children, and they exhibit a festive spirit 
while accomplishing this task, which they perform even in times of abundance of 
hunting and fishing products.
3.4 Rp as a symbol
It is known that when consuming food, symbols, meanings, and signifiers are 
consumed at the same time. In such a way, the consumption of insects goes beyond 
obtaining nutrients in moments of scarcity or to supply deficiencies of proteins 
and fats. Every food substance must be viewed from a three-dimensional perspec-
tive, because it provides, at the same time, nutrients, medicines and symbols. The 
consumption of insects in the different regions of the Amazon basin is inscribed 
within a culture, whose members use symbols to communicate, as individuals 
and as a social entity, and to express them and think about their culture. Foods 
contain messages or stories that serve, along with other cultural elements, to insert 
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themselves into the worldview or matrix of a culture. These messages are trans-
mitted inter-generationally and incorporated, with adjustments, into the dietary 
patterns of a social group [86]. An excellent illustration of the symbolic consump-
tion of insects is the study carried out by Acuña-Cors [87] in an indigenous com-
munity of the Reyes Metzantla, in Puebla, Mexico. Also notable are the mentions 
made by Macera and Casanto ([88], p. 242) of the symbolism associated with the 
suri larva (Rp) among the communities of the Ashaninka indigenous Amazonian 
ethnic group. For its members, the larva suri (imooqui) has an owner or tutelary 
god, the Imoobo, which must be asked for permission before consuming the insect. 
In the Asháninka legend, the Imoobo is an old woman who ends up being addicted 
to eating so much suri. Jara ([47], p. 226), meanwhile, it is said that the Andoque 
and Desana, indigenous peoples of the Colombian Amazon, large consumers of Rp, 
see in the metamorphosis of the insect the expression of a transforming magical 
power. The beetle, regarded as the father of the larva, is attributed a male generative 
power, which penetrates with its beak, the symbolic phallus, the perforated trunk of 
the palm, which corresponds to the vagina. The larva is, for them, a hybrid animal/
vegetable product that is produced within a process of shamanistic transformation. 
Mexican indigenous groups, such as the Mazahua, in the state of Mexico, consider 
insects as mediators between the earthly and the supernatural worlds. Using them, 
the Indians raise supplications to God asking him, for example, to send them rain 
([44], p. 85). The Yucuna, from the Colombian Amazon, distinguish three types 
of Rp beetle larvae, which they call mojojoi: the mumuna, small; the huachurú, the 
median, and ñamaja, the largest ones. Here the larvae are collected by women and 
children, and are subject to barter or gifting. Giving them is a demonstration of 
affection, which they deliver by wrapping them in pieces of palm leaves and tying 
them with vine fiber ([83], pp. 83).
The symbolism of insect consumption is different when it occurs among 
non-Amazon urban consumers. In this context, the edible insect leaves everyday 
life to become an exotic matter that, in some cases, produces amazement, and can 
become an object of consumption and gastronomic tourism. However, in most 
cases consumption of insect is viewed with horror by visitors from other cultures, 
who consider insects dirty, disease-ridden pests, and which arouses feelings of 
apprehension and disgust, which can even cause phobias and neuroses and even 
physical illness.
4. Discussion
The subject of edible insects has been attractive for popular magazines, but not as 
much for scientific research. Even in Latin America, where insects are consumed in 
almost all countries, there are still a lot of reservations about the matter, as if it were 
an exotic food practice exclusive to the most backward and unimportant indigenous 
communities. There have been few researchers who address this area of study, 
the exceptions being mostly European and American investigators. Among Latin 
Americans, researchers from Brazil and Mexico stand out, and some have made 
great contributions in the field [89]. Most of the studies done in Mexico are devoted 
to the study of insects grouped in Coleoptera and Lepidoptera [90], while research on 
insects from the Amazonian basin focuses on insects belonging to the groups of the 
Coleoptera and Hymenoptera, using the methodological support offered by applied 
ethnology [89]. Throughout the Amazon basin, the larvae most consumed are the 
Rp larvae ([27], of which few monographs have been written in relation to their 
abundance, leaving some areas untouched. There is a lack of comparative studies of 
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mitted inter-generationally and incorporated, with adjustments, into the dietary 
patterns of a social group [86]. An excellent illustration of the symbolic consump-
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vegetable product that is produced within a process of shamanistic transformation. 
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median, and ñamaja, the largest ones. Here the larvae are collected by women and 
children, and are subject to barter or gifting. Giving them is a demonstration of 
affection, which they deliver by wrapping them in pieces of palm leaves and tying 
them with vine fiber ([83], pp. 83).
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life to become an exotic matter that, in some cases, produces amazement, and can 
become an object of consumption and gastronomic tourism. However, in most 
cases consumption of insect is viewed with horror by visitors from other cultures, 
who consider insects dirty, disease-ridden pests, and which arouses feelings of 
apprehension and disgust, which can even cause phobias and neuroses and even 
physical illness.
4. Discussion
The subject of edible insects has been attractive for popular magazines, but not as 
much for scientific research. Even in Latin America, where insects are consumed in 
almost all countries, there are still a lot of reservations about the matter, as if it were 
an exotic food practice exclusive to the most backward and unimportant indigenous 
communities. There have been few researchers who address this area of study, 
the exceptions being mostly European and American investigators. Among Latin 
Americans, researchers from Brazil and Mexico stand out, and some have made 
great contributions in the field [89]. Most of the studies done in Mexico are devoted 
to the study of insects grouped in Coleoptera and Lepidoptera [90], while research on 
insects from the Amazonian basin focuses on insects belonging to the groups of the 
Coleoptera and Hymenoptera, using the methodological support offered by applied 
ethnology [89]. Throughout the Amazon basin, the larvae most consumed are the 
Rp larvae ([27], of which few monographs have been written in relation to their 
abundance, leaving some areas untouched. There is a lack of comparative studies of 
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the nutritional values of edible insects, as well as the biological value of the proteins 
they provide. It would also be interesting to understand the way indigenous groups 
put together their nomenclature, their classification systems and the specifics 
of consumption of such insects [91]. Little is known about the medicinal uses of 
these insects, which Ramos-Elourdoy [92] so emphatically raises, with the name of 
“nutracéutical entomofauna”. We are just beginning to study the optimal manner 
to “cultivate” them in the jungle and to “raise” them domestically. Little is known 
about the efforts being made in Mexico, Thailand or Spain to foster large-scale insect 
production, in order to meet current and potential regional and global demand.
On the symbolic aspects of the consumption of insects, and the comparative 
cultural representations between the different ethnic groups of Central America and 
Mexico, as well as of South America, there is much work to do. Little research has 
been done on insect consumption between the populations of the Caribbean islands 
and black African-American populations. The elaboration of didactic manuals is 
necessary to develop popular enterprises related to the “cultivation” of edible insects. 
The specialists in the culinary arts must write recipes that introduce novel ways to 
facilitate the consumption of insects, overcoming the reservations that people have 
concerning their consumption. On the subject, only entomologists, ethnozoologists 
and applied anthropologists have been concerned thus far, but not nutritionists, for 
whom it should be a major concern. They, and various health organization, have the 
difficult task of developing efficient campaigns, attractive from the point of view of 
“taste”, to promote the consumption of insects of high nutritional value, as an effec-
tive tool in reducing the serious problems of chronic malnutrition that affects a large 
percentage of the child population of developing world, constituting a situation of 
food insecurity that impacts the political, socioeconomic and public health realities 
in these countries. This study tries, at a minimum, to be a critical revision of the cur-
rent state of the art around this topic, but it leaves many unanswered questions that 
must be approached by other investigators interested in the subject.
5. Conclusions
Edible insects represent an important source of protein and fats in the diet of 
the indigenous Amazonian population, particularly during times when the avail-
ability of products derived from hunting and fishing is reduced, these being the 
main and usual sources of necessary proteins. The protein derived from insects is 
of high biological value, due to its excellent content of essential amino acids, both 
in variety and quantity. It also results in easy digestibility, a relatively low energy 
cost and a high efficiency index in feed/biomass conversion. These attributes make 
the consumption of edible insects an attractive alternative that could be used, in the 
medium term, to tackle the serious problems of chronic malnutrition worldwide, 
if the adequate measures were taken to promote its large-scale production and 
consumption.
The Rp, in particular its larva, is the insect most consumed by native indigenous 
communities throughout the Amazon basin. In many cases it is more than a prod-
uct that is the object of simple collection, because its “cultivation” is induced by 
the indigenous population, using ancestral knowledge and proven techniques. Its 
consumption, within an indigenous society, acquires a broad and deep connotation: 
as food, medicine and symbol.
Despite its abundance and importance in the diet of indigenous people of 
the Amazon, as an alternative source of protein and fats, the Rp has been little 
studied by the members of the South American academia and, in general, by 
Latin American experts, except for the pioneering studies of a few Mexicans and 
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Abstract
Insect protein production through ‘mini-livestock farming’ has enormous 
potential to reduce the level of undernutrition in critical areas across the world. 
Sustainable insect farming could contribute substantially to increased food security, 
most especially in areas susceptible to environmental stochasticity. Entomophagy 
has long been acknowledged as an underutilised strategy to address issues of food 
security. This chapter reviews and provides a synthesis of the literature surround-
ing the potential of insect farming to alleviate food security while promoting food 
sovereignty and integrating social acceptability. These are immediate and current 
problems of food security and nutrition that must be solved to meet the UNDP 
Sustainable Development Goals.
Keywords: climate change, sustainability, entomophagy, insectivory, acceptance
1. Introduction
Entomophagy is prevalent in many regions, and ~1500–2000 species of insects 
and other invertebrates are consumed by 3000 ethnic groups across 113 countries 
in Asia, Australia and Central and South America [1]. Africa, where more than 
500 species are consumed daily, is a hotspot of edible insect biodiversity [2, 3]. 
In Thailand, entomophagy has spread to the south from the north-east as people 
migrate towards city centres. It has become so popular that >150 species are sold in 
the markets of Bangkok [4]. The most common edible insects are moths, cicadas, 
beetles, mealworms, flies, grasshoppers and ants [5]. Although human insectivory 
is an ancient practice and 80% of the world’s population consumes insects, it is 
relatively uncommon in contemporary Western culture. In many regions that have 
traditionally eaten insects, the practice is declining due to globalisation, and their 
consumption has decreased over the last decade as agriculture and living standards 
change, and the availability of wild-caught insects has decreased [6–8].
This chapter reviews and provides an accessible synthesis of the literature 
surrounding the potential of insects to alleviate food security while promoting food 
sovereignty and integrating social acceptability. These are immediate and current 
problems of food security and nutrition that must be solved to meet the Sustainable 
Development Goals [3, 9].
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Food insecurity is created when food is unavailable, unaffordable, unevenly 
distributed or unsafe to eat. Inefficiencies in the current food production system 
generate inconsistencies between the demand and supply of food resources, which 
is exacerbated by the diminution of pastures and increasing demand for food. 
Thirty percent of land is already used for agriculture, but 70% of this is used for 
macro-livestock production, an industry which consumes 77 million tonnes of 
plant protein only to produce 58 million tonnes of animal protein per year. This 
animal protein is not evenly distributed across the globe, as the average person in a 
‘developed’ country consumes 40 g more protein a day than the average person in 
a ‘developing’ country [10]. The demand for affordable and sustainable protein is 
high, while animal protein is becoming more expensive and less accessible in some 
regions, especially in Africa [11].
To ensure food access and to alleviate poverty, there is a particular need for 
investment into Africa’s agricultural potential as this continent will soon account 
for 50% of the world’s population growth. Currently, Africa has 25% of all under-
nourished people worldwide, and the income gap between rural and urban areas 
drives rapid urbanisation; this is decreasing the agricultural workforce [12, 13]. 
With substantial food insecurity and rising food prices, one in six people dies from 
malnutrition and hunger, and more than 1 billion people are undernourished, 
triggering 1/3 of the child disease burden [10, 14]. Effects are worse in the popula-
tions that already have high rates of malnutrition, such as Zambia, where chronic 
undernutrition is 45% and causes 52% of deaths in the population under the age 
of 5. Over 800 million people are thought to have a food energy deficit average of 
>80 kcal/day/person [3, 15].
The prospect of global food shortage grows as the world’s population is esti-
mated to increase to 9 billion by 2050. The conventional meat production system 
will not be able to respond sufficiently to the increase in demand. Per capita, meat 
consumption is expected to increase by 9% in high-income countries by 2030, and 
the increase in world crop prices will increase the price of meat by 18–21% [16]. 
Systems with a low carbon footprint must be promoted according to the economic 
and cultural restraints of the region by modifying animal feed from soy meal to 
locally sourced feed [17]. Any expansion of agricultural land must be mitigated to 
reduce losses in natural ecosystems. Therefore, our increasing population will need 
to be fed from the same area of land available now [18].
Climate change is also a growing threat to global food security as this is reducing 
the area of land available to agriculture [10], and future cereal yields are predicted 
to decrease, especially in low-latitude areas. The poorest countries will suffer the 
worst consequences of climate change, which will increase both malnutrition and 
poverty. To prevent future undernutrition and to decrease current levels, food 
access and socioeconomic conditions must improve globally [14]. With this climate 
change-driven prediction of reduced agricultural yields in most countries given 
current crop practices and varieties, it is therefore necessary to increase the diver-
sity and sustainability of crop supply so that food insecurity is not exacerbated [15].
3. Nutritional potential of edible insects
In general, insects have a higher quality of nutrition than macro-livestock in 
terms of protein, lipids, carbohydrates and vitamins [10]. Insects have high crude 
protein levels of 40–75%, contain all essential amino acids, are rich in fatty acids 
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and have a high proportion of dietary fibre, and it has been further suggested that 
there are health benefits from eating chitin through enhancement of gut flora and 
antibiotic properties, though it is not known how insect fibre specifically affects 
human health [19].
In a study of the calorific value of 94 insect species, 50% were higher than 
soybeans, 87% higher than maize, 63% higher than beef and 70% higher than fish 
[10]. The composition of omega-3 and omega-6 fatty acids in mealworms is compa-
rable to that of fish, and other insects with ideal fatty acid ratios are house crickets, 
short-tailed crickets, Bombay locusts and scarab beetles [20]. Some insect species 
have micronutrients not found in some conventional animal proteins, such as ribo-
flavin in termites and high concentrations of thiamine in silk moth larvae (224.7% 
daily human requirement) and palm weevils (201.3%) compared to chicken (5.4%). 
Mealworms have a higher content of protein (all essential amino acids), calcium, 
vitamin C, thiamine, vitamin A and riboflavin per kg than beef. Although the 
nutritional content of many insects is well-described in the literature, there is a 
variation depending on diet, sex, life stage, origin and environmental factors, and 
the realised nutritional content also depends on preparation and cooking [21–23].
Insect consumption has the potential to reduce hunger on a global scale as they 
are nutrient dense as well as calorie dense. A calorie deficit of 1500 kcal/day could 
be addressed by rearing 1 kg/day of crickets in 10 m2 while also providing the 
recommended daily amount of lysine, methionine, cysteine, tryptophan, zinc and 
vitamin B12. Not only do insects provide calories and nutrients, but they are also 
cost-effective, easily grown and can be environmentally sustainable when incorpo-
rated into a circular production system using organic side streams.
4. The rise of insect farming
Until the end of the twentieth century, the most common way to collect insects 
worldwide was by wild harvest (circa 90%), and the tradition of collecting and 
eating insects from the wild is seen in many cultures. Though seasonality limits 
consistent availability, traditional regulation patterns can mitigate this and main-
tain locally sustainable sources [24, 25]. Wild catch is declining in many areas with 
many factors contributing to this including land conversion, overexploitation and 
urbanisation [7]. With insects acknowledged to be key to the delivery of many 
ecosystem services, their conservation in natural ecosystems is now paramount 
[26, 27]. In response, the farming of edible insects is now rising from being only a 
minor component of the market and should be promoted to improve quality and 
supply as well as to limit the environmental impacts of wild harvesting [11, 28].
No matter the scale of insect farming, the economic benefits boost food security 
in terms of availability and accessibility and at the same time improve dietary 
quality and contribute to both gender equity and livelihoods. At the community 
scale, more than 20,000 small farmers in Thailand profitably produce crickets; in 
Laos, the majority of insect vendors are illiterate females who may earn c$5/day; 
in Uganda and Kenya, the Flying Food Project supports expansion of small-scale 
farms into local and greater value chain markets [20, 29, 30]. By integrating mini-
livestock farming into current agricultural systems, the access to edible insects 
could be improved and simultaneously provide co-benefits such as female employ-
ment and a high-grade compost contribution to the enhancement of soil fertility 
[28]. Harvesting insects as a by-product of another industry also has substantial 
potential but needs more widespread implementation and cultural assimilation. 
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For example, domesticated silkworms for the textile industry can be eaten in the 
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pupa stage, and palm weevils reared on felled palm trees could be moved into more 
formal production [15]. Insect farming is now moving into western markets and 
developing technologically refined production systems. The French company Ynsect 
has raised $175 M for expansion, and the USA edible insect market is predicted 
to increase by 43% in the coming 5 years [31, 32]. There are different costs and 
benefits at all scales (Figure 1), though all may have an important place in future 
food security.
5. The environmental advantage of insect farming
In general, insects have a lower consumption of energy and resources than 
conventional animal livestock. Insects are poikilothermic, so they expend less 
energy, are more efficient in transforming phytomass into zoomass and have higher 
fecundity and growth rates and a higher rate of matter assimilation. On average, an 
insect only needs 2 g of food per gramme of weight gained, whereas a cow needs 8 g 
of food. Not only is the efficiency of insect production higher because of the feed 
conversion ratio (Table 1) but also because the edible portion of insects is higher 
as crickets can be eaten whole, but we only eat 40% of a cow, 58% of a chicken and 
55% of a pig [8, 10, 33].
Edible insects are an environmentally attractive alternative to conventional 
livestock because they require less feed and water; they produce lower levels of 
greenhouse gases and can be raised in small spaces. Worldwide, livestock contrib-
utes to 18% of greenhouse gas emissions, which, in light of global warming and 
climate change, favours the less resource-intensive insect production which emits 
fewer greenhouse gases by a factor of 100 [3, 28].
Insects can be a renewable food source in the future as many edible species can 
consume agricultural and food waste or culinary by-products, but there remain 
important research gaps in understanding the effects of variable feedstocks as most 
case studies use high-grade feed [10, 15, 28]. Such organic side streams could be 
used to reduce the environmental impact of insect farming while simultaneously 
creating a novel, circular waste-processing income. Throughout the world, 1/3 of 
all food is wasted, and household food waste is 70% of the post-farm total. If food 
waste was its own country, it would be the third largest emitter of greenhouse gases 
after the USA and China [30]. Food waste is expected to increase in the future 
Figure 1. 
Trade-offs in the scale of production needed to maximise food sovereignty relative to the technology and 
initial funding needed. X axis: 0 = none needed, 1 = high setup costs needed. Y axis: 0 = no food sovereignty, 
1 = complete food sovereignty.
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with a continually growing and increasingly urbanised global population adopting 
‘modern’ lifestyles.
It is challenging and wasteful to commercialise traditional composting of 
multiple waste streams on a large scale, but waste can be fed directly to insects to 
convert low-value biomass into higher-value insect mass. By valorising waste as 
feed, it may mitigate the impact of the food industry. Some fly (Diptera) species 
are known to be able to convert agricultural manure into body mass and reduce the 
waste dry matter by 58%. For food waste the conversion is as high as 95% leaving 
the remainder as a high-grade soil improver [30, 33].
6. Acceptability of eating insects as animal protein
The feasibility of promoting edible insect farming as sustainable protein 
depends on social acceptance, as the benefits cannot be realised if people do not 
choose to eat insects. The understanding of current perceptions, which often 
depend on class, location, gender and age, is essential to any market development. 
In some locations, newly urbanised citizens view insects as pests or as poor person’s 
food [7]. Although in this particular case, acceptance does depend on the insect 
itself, as there is an inferiority complex associated with wild harvesting of insects. 
In the Western world, insects are largely unfamiliar and mostly viewed as holiday 
novelty or ‘yuk’; thus, awareness of local taboos, cultural preferences and the 
population’s exposure to insects as food are crucial for the successful promotion of 
insect farming for food [3, 15, 34].
In many urban and developed populations, a central issue is food neophobia, 
but after taking the first step in trying an insect, continued exposure correlates 
with increased acceptance. Processed insect products such as cookies, snack bars 
or powders further normalise the protein source [34, 35]. Conventional meat has a 
special status in society, both culturally and structurally in meals, so a sustainable 
culinary culture must be promoted in order to associate insect protein with pleasur-
able food [17].
There are also risk considerations with the dissemination of novel foods and 
novel production pathways. Possible effects of prolonged insect consumption are 
nutrient malabsorption, growth alteration, allergy risk and contamination, and 
more research is needed into the digestion and absorption of insects in the human 
body [36]. Intensive insect farming runs risks of microbial infestation, parasites and 
pesticides. Preventative approaches, such as probiotics, transgenerational immune 
priming or heat treatment, and measured responses such as those advocated by 
Integrated Crop Management (ICM) will develop with the industry [20, 37]. There 
are other limitations in the lack of protocols in storage and decontamination, and 
although international regulation is underway, these ancient foods are currently 
classified the EU as novel foods [38].
Cricket Poultry Pork Beef
Feed conversion ratio (kg feed: kg live weight) 1.7 2.5 5 10
Edible portion (%) 80 55 55 40
Feed (kg: kg edible weight) 2.1 4.5 9.1 25
Table 1. 
Efficiencies of production of conventional meat and crickets [17].
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The issue of food security is multi-faceted, and each country’s solution will be 
different. Tackling food security requires responses that are both innovative and 
culturally appropriate. Farming insect livestock has the potential to alleviate food 
insecurity while promoting food sovereignty, especially if it is integrated with social 
acceptability in mind. Engagement of all stakeholders on the production and con-
sumption sides and continued support for and from them will be vital for the suc-
cess of its implementation. Commercial farming is growing across Europe and the 
North American continent, though a question yet to be answered at a wider scale is 
how edible insect farming can be increased and deployed in a way that benefits all 
parties, including especially the most vulnerable. We have overviewed the field and 
hope that this synthesis of much important work along with the exemplar produc-
tion model of Figure 2 can provide encouragement and compact information to 
those seeking to evaluate the future of farmed insect production.
There is currently too little research available on the integration of insect farming 
with existing agricultural systems, and future solutions require the coordination of inter-
national, national and legal frameworks. With this in place, the future food revolution 
will be more able to directly benefit the poor and be environmentally sustainable [39].
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